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PUBLISHER'S LETTE 


New technology 
marches on 


This month we have a number of articles 
which help signpost the relentless march of 
technology. The first of these is the article 
entitled “Electronics on the Internet” start- 
ing on page 4. This gives a glimpse of the 
huge amount of information pertaining to 
electronics which is now available on the 
Internet. Some people are very wary of the 
hyperbole surrounding the “net” but there is no denying that large numbers 
of companies, organisations and individuals are becoming involved in it. 

Somewhat more prosaic perhaps, is the article on the Electronic Starter 
for fluorescent lamps, beginning on page 14. The notable point about this 
circuit is not so much that the integrated circuit at its heart is a clever chip 
but that it is only available in surface-mount form. Increasingly, many new 
ICs are only available in this format, so if you don’t already have a set of 
prescription close-up spectacles, it is only a matter of time before you will 
need them. 

Interestingly, if the starter IC had been a conventional 8-pin DIL package 
it would have been too big. You can expect to see this circuit as a commer- 
cial product within a year or so. 

On page 30, we are featuring a new high power amplifier module using 
plastic power Mosfets from England. The point of interest is not that they 
come from England but that we have probably now seen the last of power 
transistors or Mosfets in metal TO-3 cans; plastic rules supreme. 

On page 64, we have the second article on our VGA Oscilloscope and this 
highlights the fact that VGA monitors for personal computers, the latest and 
the greatest in display technology only a few years ago, are now being 
discarded in large numbers as people upgrade their computers. 

While the oscilloscope project is a good application for these otherwise 
unused and unloved computer monitors, it seems to us that many people 
are rushing headlong into the purchase of new computers without ever 
having fully come to grips with the capabilities of their older machines. 

Finally, on page 76, we feature an article on IGBTs. These hybrid devices, 
a marriage between Mosfets and bipolar transistors, first appeared about 10 
years ago but have been largely confined to heavy power tasks such as 
traction motor control. They are gradually making their way into more 
general use and indeed they were featured in the SILICON CHIP 2kW 
sinewave inverter in 1992. In the future, you can expect to see them in car 
ignition systems, in audio amplifiers and in most general power applica- 
tions. 


Leo Simpson 


SILICON CHIP magazine regularly describes projects which е! 


WARNING! 
imploy a mains power supply or produce high voltage. All such projects should be 


considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring should be carried out according to the 
instructions in the articles. When working on these projects use extreme care to ensure that you do not accidentally come into contact with mains 
AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, you are 
advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should anyone be killed or injured while 
working on a project or circuit described in any issue of SILICON CHIP magazine. Devices or circuits described in SILICON CHIP may be 
covered by patents. SILICON CHIP disclaims any liability for the infringement of such patents by the manufacturing or selling of any such 
equipment. SILICON CHIP also disclaims any liability for projects which are used in such a way as to infringe relevant government regulations 
and by-laws. 

Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the Trade Practices Act 1974 
or as subsequently amended and to any governmental regulations which are applicable. 
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FLUORESCENT LIGHT HIGH FREQUENCY BALLASTS 
European made, new, "slim line" cased high frequency 
(НР) electronic ballasts. They feature flicker free starting, 
extended tube life, improved efficiency, no visual flicker 
during operation (as high frequency operation), reduced 
chance of strobing with rotating machinery, generate no 
audible noise and generate much reduced radio fre- 
quency interference compared to conventional ballasts. 
Some models include a dimming option which requires 
either an external 100kO potentiometer or 0-10/ DC 
Source. Some models require the use of a separate filter 
choke (with dimensions of 18 x 4 x 3.2cm) - this is 
supplied where required. We have а limited stock of these 
and are оеп em at action of the costo the parts 
used in them! Type В: 1 x 16W tube, dimmable, filter | 
used, 43 x 4 x 3cm: $18. Type F: 1 x 32W or 36W tube, 
dimmable, no filter, 34 x 4 x 3cm: $18 
(Cat 609, specify type). 


27MHz RECEIVER CLEARANCE 
Soiled 27MHz telemetry receivers, Enclosed in waterproof 
die cast metal boxes, telescopic antenna supplied. 270 x 
145 x 65mm. 2.8kg. Two separate PCBs. Receiver PCB has. 
audio output. Signal filter/squelch PCB is used to detect 
various tones. Circuit provided: $12. 


40-CHANNEL FM MICROPHONE 
A hand held crystal locked 40-channel FM transmitter with 
LCD display: 88-92MHz in 100kHz steps, 50m transmis- 
n range. Perfect for use with synthesized FM receivers: 


‘SPEED CONTROLLED GEARED MOTOR 
Experiment with powering small vehicles, large children's 
cars, garage door openers, electric wheelchairs, rotisser- 
les, etc. etc, We supply a speed control PCB and compo- 
nents kit, A 25А MOSFET and a 30A diode (flyback), and a 
wad 12V geared windscreen wiper motor for a total price 
of: $30. 


CHARACTER DISPLAYS 

We are offering three types of liquid crystal character 
displays at bargain prices. The 40 x 2 character display 
(SED1300F) is similar to the Hitachi 44780 type but is not 
directly compatible. We will also have similar displays - 
data available fora 16 x 4 and 32 x 4 display. Any mixture of 
m displays is available fora crazy price of $22 each or4 
for $70. 


IR TESTER USING IR CONVERTER TUBE 
Convert intra red into visible light with this kit. Useful for 
testing infra red remote controls and infra red laser 
diodes. We supply a badly blemished IR converter tube 
with either 25 or 40mm diameter fibre optically coupled 
input and output windows and our night vision high 
voltage power supply kit, which can be powered from a | 
SV battery. These tubes respond to IR and visible light. A 
very cheap IR scope could be made with the addition of a 
suitable casing and objective lens and eyepiece. 530. 


MISCELLANEOUS ITEMS 
2708 EEPROMS: $1 each; 4164 MEMORY ICs: 16 for $10: 
АС MOTOR, {RPM Geared 24V-5W Synchronous motor 
plus а0,1 to 1RPM driver kit to vary speed, works from 12V 
DC: $12 K38 + M30; SPRING REVERB, 30cm long with 
three springs: $30 A10; MICROSONIC MICRO RECORD 
PLAYER, Includes amplifier:$4 A11; LARGE METER MOVE- 
MENTS: moving iron, 150 x 150mm square face, with 
mounting hardware: $10. 


REFLECTIVE TAPE 
High quality Mitsubishi brand all weather 50mm wide red 


reflective tape with self-adhesive backing. Other 

‘motorists will see you better at night if this is 
stuck to chromed or unpainted car bumpers 
or on bicycles: 3 metres for $5. 


SOUND FOR CCD CAMERAS / UNIVERSAL 
AMPLIFIER 
Uses an LM386 audio amplifier IC and a 
80548 pre-amp. Signals picked up from 
an electret microphone are amplified and 
drive a speaker. Intended for use for iis- 
tening to sound in the location of a CCD 
camera installation, but this kit could 
also be used as a simple utility amplifier. 
Very high audio gain (adjustable) makes this unit suitable. 
for use with directional parabolic reflectors etc. PCB: 63 x 
37mm: $10 (К64). 


VHF MODULATOR KIT 

For channels 7 and 11 in the VHF TV band. This is designed 
for use in conjunction with monochrome CCD cameras to 
ive adequate results with a cheap TV. The incoming video. 
simply directly modulates the VHF oscillator. This allows 
operation with a TV without the necessity of connecting up 
wires, if not desired, by simply placing the modulator within 
about 50cm from the TV antenna. Suits PAL and NTSC 
systems. PCB: 63 x 37mm: $12 (K63). 


“MIRACLE” ACTIVE AM ANTENNA KIT 

Available soon. To be published in EA. After the popularity 
of our Miracle UHF/VHF antenna kits we have produced 
this AM version for our ‘Miracle’ series, Large antennas 
аге not the most attractive inside a house but sometimes. 
this is needed to receive a weak radio signal. This kit will 
connect to а remote loop of wire, preferably outside 
where reception is good, via coax cable and allow it to be. 
tuned from inside via varactor diodes. Radio reception is 
greatly improved and it can even pickup remote stations. 
that a radio can't receive with its ferrite rod antenna. No 
Connections are required to the existing radio as the 
receiving end is coupled to the ferrite rod in the radio with 
а loop of wire around the radio. Excellent kit for remote 
‘country areas where radio reception isn't very good, or 
Where a large antenna is not possible. Great for, 
Caravanners, boats that venture far out to sea, etc. 2 x| 
PCBs and all on-board components. 


BATTERY CHARGER WITH MECHANICAL TIMER 
‘Simple kit which is based on a commercial 12 hour me- 
chanical timer switch which sets the battery charging pe- 
riod from 0 to 12 hrs. Employs a power transistor and five 
additional components. Can easily be “hard wired”. Infor- 
‘mation that shows how to select the charging current is 
included. We supply information, circuit and wiring dia- 
gram, a hobby box with aluminium cover that doubles up as 
‘a heatsink, a timer switch with knob, a power transistor and 
а few other small components to give you a wide selection 
of charge current. You will also need a DC supply with an 
output voltage which is greater by about 2V than the high- 
est battery voltage you need to charge. As an example a 
cheap standard car battery charger could be used as the 
power source to charge any chargeable battery with a 
Voltage range of 0-15V. Or you could use itin your car. No 
current is drawn at the end of the charging period: $18. 


AUTOMATIC LASER LIGHT SHOW KIT 

Kit as published in Silicon Chip May 96 issue. The display 
Changes every 5 - 60 seconds, and the time is manually 
adjustable. For each of the new displays there are 8 different 
possible speeds for each of the 3 motors, one of the motors 
Can be reversed in rotation direction, and one of the motors 
сап be stopped. There are countless possible interesting 
displays which vary from single to multiple flowers, col- 
lapsing circles, rotating single and multiple ellipses, stars, 
etc. etc. Kit makes an excellent addition to any lightshow 
and all these patterns are enhanced by the use of a fog 
machine. Kit includes PCB, all on board components, three 
small DC motors, 3 high quality/low loss dichroic mirrors: 
$90. Suitable 12V DC plugpack: $14. 


LASER LIGHTSHOW PACKAGE 
Our 12V Universal inverter kit plus а used SmW- helium- 
neon laser tube head plus a used Wang power supply 
plus an automatic laser light show kit with dichroic mir- 
Tors (as above): $200. 


ARGON-ION HEADS 
Used Argon - lon heads with 30-100mW output in the blue 
= green spectrum. Head only supplied. Needs 3Vac @ 15A 
for the filament and approx 100/4с @ 10A into the driver 


circuitry that is built into the head. We provide a circuit for 
a suitable power supply the main cost of which is for the 
large transformer required: $170 from the mentioned sup- 
plier. Basic information on power supply provided. Dimen- 
sions: 35 x 16 x 16cm. Weight: 5.90. 1 year guarantee on. 
head. Price graded according to hours on the hour meter: 
We have had no serious problems with any of these heads 
as they were used at a very low current in their original 
application. Argon heads only: $300. 


SIREN USING SPEAKER 

Uses the same siren driver circuit as in the “Protect any- 
thing alarm kit". 4-inch cone / 8-ohm speaker is included. 
Generates a very loud and irritating sound with penetrating 
high and low frequency components. Output has frequency 
components between 500Hz and 4kHz, Current consump- 
tion is about 0.5A at 12V. PCB: 46 x 40mm. As a bonus, we 
include all the extra PCBs as used in the "Protect anything 
alarm kit": $12. 


DC MOTORS 

We have good stocks of the following high quality DC. 
motors. These should suit many industrial, hobby, robotics 
and other applications. Types: Type M9 : 12V. | no load = 
0,52A @ 15800 RPM at 12V. Weight: 150g. Main body is 
36mm diameter. 67mm long: $7 му) Туре M14: Made 
tor slot cars. 4 10 8V. | по load = 0.84А at 6V. At max. 
efficiency | = 5.7A @ 7500 RPM. Weight: 220g. Main body. 
diameter is 30mm. 57mm long: $7 (Cat M14). 


ULTRASONIC COMMUNICATOR KIT 

Ref: EA Sep/Oct 93. Signals picked up by an electret micro- 
phone are modulated onto an oscillator which drives a 
40КНг ultrasonic transducer. This is received by a 40kHz 
ultrasonic receiving transducer and is amplified and de- 
tected, The detected signal is amplified by a simple three 
transistor amplifier to drive a speaker. This makes a com- 
‘munications link using ultrasound which can transmit over. 
а few metres. The quality of the sound is limited by the. 
arrow bandwidth of the transducers but this is an interest- 
ing experiment. Both transmitter and receiver PCBs are 63 
x 33mm: $16 (К45). 


BOG DEPTH SOUNDER KIT 

Detect the presence and depth of any body filler on your car. 
This simple circuit uses an oscillator which is oscillating 
weakly. When steel is placed near the small search coil the 
inductance shifts and the oscillator components are ar 
ranged so the oscillator will stop running. The remainder of. 
the circuit simply detects when the oscillator stops and 
gives a visual or audible indication of this. The circuit is 
arranged so that the change in inductance needed to stop. 
the oscillator can be varied. This allows variable depth of 
filler sensing, between 0 and about 3mm. Large areas of 
body filler over 3mm thick are generally considered unde- 
sirable as the filler may lift or crack. Kit Supplied includes 
pre-wound search coil (33 x 22 x 10mm). A LED is supplied 
in the kit as the visual indication. An audible indication can 
be obtained by using a low power piezo buzzer, which is 
recommended but not supplied with the kit: $12 (K62). 
$2 for optional low power piezo buzzer. 


tion. PCB plus all on board components, including high 
voltage transformer: $18, 


PC CONTROLLED PROGRAMMABLE 
POWER SWITCH MODULE 

This module is а four-channel programmable on/off timer 
switch for high power relays. The timer software applica- 
tion is included with the module. Using this software the 
operator can program the on/off status of four independent 
devices in а period of a week within a resolution of 10 
minutes. The module can be controlled through the 
Centronics or RS232 port. The computer is opto-isolated 
from the unit. Although the high power relays included are 
designed for 240V operation, they have not been approved 
by the electrical authorities for attachment to the mains. 
Main module: 146 x 53 x 40mm. Display panel: 146 x 
15mm. We supply: two fully assembled and tested PCBs 
(main plus contro} panel), tour relays (each with 3 x 10A / 
240V AC relay contacts), and software on 3.5-inch disk. We 
бо not supply a casing or front panels: $82 (Cat G20). 
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There’s a wealth of information on Бейсе yous turn the рар rng 


that this is just another Internet article 
y " WAIT! It has no resemblance to the 
the Internet for electronics designers myriad of articles on how to get onto 
А the Internet and use it. In fact, before 
you can use any of the information in 
and engineers. You can check data cdi uu 
. “hooked up” to the Internet and be 

sheets on the latest devices, order familiar with its use. 
So now that we know what this 
parts or even market your products article is not about it is time to explain 
what it is about. The Internet contains 
. . hundreds of web sites and news groups 
via the World Wide Web. that are dedicated to electronics. The 
news groups are made up chiefly of 
support or help groups, while the web 


By SAMMY ISREB sites are usually commercially orien- 


tated, 


Web sites 
Many electronic companies have 
embraced the World Wide Web with 
open arms, setting up their own home 
pages. The most valuable web sites for 
designing circuits are those of the IC 
manufacturers. Many companies in- 
clude datasheets on all ICs that they 
manufacture, as well as application 
circuits and pricing and availability 
= data. Some web sites, such as Na- 
a шаш tional Semiconductor's, even allow the 
user to search for a device name and/ 
or number to find a datasheet for an 
unknown device. 

This service is very handy when 
you have an unknown IC and want to 
get more information on it. All 
datasheets and application notes are 
in the *.pdf format and require a reader 
such as Adobe Acrobat Reader Ver. 

_.£ 2.1 or later. This software can be 


| 


ES ce ксы Cus downloaded from the National Semi- 
Fig.1: the National Semiconductor homepage screen. Among other things, it conductor or Adobe web sites. It will 
allows the user to search for a component by part number, to browse a library be compressed in the pkzip format 
of datasheets and to seek out technical advice and sales information. and is easily expanded using any 
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pkunzip compatible archiving utility. 

A feature of some IC manufacturer 
web sites, such as the Motorola Semi- 
conductor site, is a fax back feature. 
With this, the user can request that a 
datasheet be faxed to his/her fax ma- 
chine by simply selecting the datasheet 
required and entering the phone 
number. Failing this, some web sites 
offer a “snail mail” service which al- 
lows the selected information to be 
mailed to the address entered at the 
prompt. 

With the microcontroller industry 
booming, the Internet can be the best 
way to select a family of chips to use. 
Most manufacturers are represented 
on the Internet. This allows easy 
comparison with opposition systems 
so that the one that best suits your 
needs can be selected. After browsing 
the Parallax web site, I decided that 
their Basic Stamp looked like a fun 
toy and ordered one. Be warned — 
lock away your wallet before brows- 
ing web pages! 

As well as the microcontroller sites 
that are run by the manufacturers, 
there are quite a few sites that are 
conducted by electronics enthusiasts 
who have fallen “in love” with a 
particular type of microcontroller. 
These sites usually have a deluge of 
circuits using the microcontroller in 
question, with some of the circuits 
being quite novel and ingenious. 

Probably the best feature of these 
sites, however, is that their owners are 
usually happy to answer any ques- 
tions/problems relating to their par- 
ticular microcontroller. Links to the 
best of these sites are sometimes also 
included in the manufacturer's sites, 


Circuit databases 


There are also many web sites and 
ftp (file transfer protocol) servers 
which contain databases of small cir- 
cuits, along with short descriptions. 
Many of these circuits are quite novel, 
while some are downright strange in 
their uses of standard components. 
The sites also contain the standard 
boring building block circuits such as 
two trillion uses fora 555 timer and so 
forth, 

Along with such sites, which are 
usually operated by universities or 
electronics enthusiasts, are similar 
sites run by commercial companies, 
or for commercial companies by work- 
ers or private enthusiasts. The Paral- 
lax ftp site contains quite a few cir- 
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Fig.2: the National Semiconductor IC data ра, 


menu. You can download 


selected information and even download the Adobe Acrobat reader if you 


don't already have a copy. 
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Fig.3: this National Semiconductor data page shows information оп the 
Clicking on the download icon allows 


LMX2216 low-noise amplifier/mixer IC. 
the datasheet to be downloaded. 


cuits using their microcontrollers, as 
well as links to similar sites. 


Shareware 

Electronic related shareware is 
available freely on the Internet. In- 
deed, many ftp and web sites dedi- 
cated to electronics will have several 


directories containing useful pro- 
grams. These are usually split into 
various categories such as PC board 
design and manufacture, schematic 
plotting and CAD programs, simula- 
tion programs of various types, and 
educational files. All of these files 
will be archived in some way and can 
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Fig.4: the Parallax homepage. It offers information on the Basic Stamp and PIC 
microcontrollers, includes quite a few circuits, and has links to various other 


sites that offer circuits. 


be downloaded in the standard fash- 
ion. 

As well as these shareware pro- 
grams, many commercial software 
manufacturers place demonstration 
packages of their software on web/ftp 
sites, This type of software is usually 
either a “crippled” version of the real 
thing or a much older superseded ver- 
sion. 


In either case, this software is good 
enough for demonstration purposes 
and gives the user the opportunity to 
"try before buying". 


Mail order stores 


As the Internet's popularity in- 
creases, many mail order electronics 
stores are setting up web sites on which 
users can browse their goods catalog 
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Fig.5: the Motorola Semiconductor Products homepage. А feature of the 


Motorola site is a fax-back facilitity. 
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and even select, order and pay for 
their goods. While this trend is a bit 
sluggish taking off in Australia, there 
are many electronics dealers overseas 
who sell goods via the World Wide 
Web. The fact that a price for the same 
component can be obtained from doz- 
ens of shops from around the world in 
a few minutes really allows for cus- 
tomers to come out on top. 

A tip to buying goods is to know 
what you are looking for from the 
outset and do a web search on the 
item. If you are uncomfortable giving 
credit card details to an unknown com- 
pany halfway around the world, send 
them a cheque by "snail mail" in- 
stead. 

It is also now possible to consult 
with several PC board design and pro- 
duction companies on the web. Whilst 
these business transactions can't be 
carried out fully online, it is possible 
to get some idea of what the various 
companies have to offer, what type of 
pricing to expect, and previous exam- 
ples of their work. 


Marketing 


Once your perfect circuit is up and 
running, the Internet is a great way to 
get itonto the market. It is possible to 
obtain quotes on various components 
in high quantities from specialist 
wholesale dealers and you can even 
try negotiating a deal to supply the 
finished product to one of the web's 
electronics dealers. An alternative to 
this is to set up your own web site to 
advertise your products. 

If you do decide that your own web 
page is the way to go, a good way to 
increase the number of hits it receives 
is to convince an established elec- 
tronics web site to include your site as 
one of its links. 


News groups 


Those who encounter a brick wall 
when designing or repairing a circuit 
should try the electronics news groups. 
A search of “electronics” will give a 
list of several different news groups 
dedicated to divergent disciplines of 
electronics. Make sure that the one 
you select is the relevant one for your 
problem, as not doing so can make the 
users of the newsgroup you mail quite 
irate. 

After selecting the appropriate news 
group, post a letter stating your prob- 
lem clearly. Be sure to include your 
email address so that the solution to 


Web sites To Tr 


= Major Databases 
Hastet Selectien Guide icy Bok 8 Huda Guids Dats Library 


Search these SA teat wach data bates For anne accer te selected 


On-line Forms 
Ба uz 


Liere Ordering Mf Ltersuure Венаны | Тесішсі Questions 


‘Request ичиш» dave fen The rare Center by choosing е! 


Literature Ordering » 
елегі bue апі іа ог gudes io be delved yor FAX machit wel e ae 
талента! nt ae н sas by жесе 


дез Биш эш Master Selecto бе The Noch Ameren Prize Bosk 8. 


Semet 
ide and ‘Duta Library which салы many 4: 
Pria Gas and Ow one Dia иу tach eta many fr dua books, brochures md oir need ere 


The web sites listed below are 
among my favourites and are in- 
valuable for any electronics work. 
Note, however, that they repre- 
sent just a tiny fraction of the web 
sites that deal with electronics — 
there are thousands of others. 


http://www.hitechsurplus.com/ 
High-tech surplus goods for sale 
3 from North America 


http:/www.natsemi.com/ 
National Semiconductor 
homepage 


http://www. parallaxinc.com/ 


seen Жеке Rogues же of over 32.000 daia het xia эли, 
Мк se Parallax homepage 


shoes Docet zane to you deal 


коюы cer шде береш ыл жиеш Se ric ee 
“жат = 
Suaj Houses (алымын coves | uoo ronge roca fname шетен азаны http:/www.hutch.com.au/ 


Fig.6: this screen shows the Motorola datasheet page. You can ask questions by 
clicking the Tech Support icon and then filling in the on-screen form. 


your problem can be forwarded to you. 
After posting your problem, read 
through a few other people's prob- 
lems and try to solve them as this 
keeps the news groups going. 

Although the advice given on news 
groups is very helpful, with many elec- 
tronic professionals giving advice, the 
advice given should never be taken as 
gospel. Also, while most conversa- 
tions that go on in the news groups 
deal with standard electronic prob- 
lems and can be very educational, 
readers should be very wary of some 
of the topics discussed. 

On the day I accessed the news 
groups to research this article, 10 of 
the postings dealt with a person who 
wanted to construct a 1,000,000V tesla 
coil in his garage after seeing a tesla 
coil ona television science show. Most 
of the advice told him not to attempt it 
if he valued his life, as it was not the 
type of experiment to be attempted by 
a beginner. 

Another 18 postings dealt with a 
student who wanted information on 
constructing an electromagnetic gun 
to fire metal stakes! 


Related sites 


As well as the resources described 
above, there are many web sits and 
news groups that deal with the elec- 
tronics aspects of various hobbies. 
Model rocketry, a hobby of mine, is 


~oztech/oztech.htm 
Oztechnics homepage 


http://motserv.indirect.com/ 


quite well supported, with web pages Mototola homepage 


containing information on the elec- 
tronics involved. There is also a model 
rocketry newsgroup where problems 
are quickly solved or, if necessary, 
forwarded to one of the electronics 
news groups. 

Other hobbies that are supported 
include radio controlled models and 
model trains. sc 


http://www.mot.com 
Motorola corporate homepage 


http://www.ee.ualberta.ca/html/ 
cookbook.htm! 


Electronic cookbook Archive 


“ 
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Fig.7: Adobe's Acrobat reader is being used here to display the datasheet on the 
National Semiconductor LMX2216 0.1-2GHz low noise amplifier/mixer. 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions from 
be paid for at standard rate: 


readers are welcome and 
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DC QUT то 
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Tone burst source for 
loudspeaker testing 


Testing loudspeakers for maximum 
power handling can be difficult if only 
acontinuous tone is available. This is 
because the sound level is likely to be 
excessive before the distortion be- 
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comes obvious. Also it is not a realis- 
tic test since music sources are rarely 
continuous tones. 

A tone burst signal can provide a 
more valid test since it produces a 
high level signal for a small time, con- 
sistent with typical program material. 
The tone burst source presented here 


will produce a 100Hz tone for 200ms 
every 1.4 seconds. The output level is 
adjustable and connects to a power 
amplifier in order to drive the loud- 
speaker into overload. 

Measuring the power level at over- 
load is made simple by the addition of 
asampling circuit which monitors the 


Cordless telephone ring tone booster 


2xIN914 


PICKUP 
u 


The circuit uses a pickup coil to detect variations in the magnetic 
field generated in the vicinity of the ringer. The view at right shows 
the suggested mounting arrangement for the handpiece. 


Many cordless telephones have a very feeble ring 
tone, especially if one is challenged in the hearing 
department. While the audio output may be weak, a 
significant magnetic field is generated in the vicinity of. 
the ringer and this can be used to trigger a booster. 

This device uses a Murata Sound Element (Cat. AB- 
3444 from Jaycar) as the sound generator. The pick-up 
coil consists of 800-1000 turns of 34 B&S (0.16mm) 
wire on a 20mm diameter former, 5mm wide and with 
а 5mm centre. A slug from a discarded IF transformer 
will enhance sensitivity but is not vital. 

Diodes D1 and D2 and the capacitors form a voltage 
doubler to turn on Q1 when a ring signal is detected. 
This, in turn, supplies positive bias to Q2, enabling the 
sound element. 

The circuit draws negligible standing current and 
only 5mA when ringing so that battery life should 
approximate shelf life. 

The hard part of construction is the support for the 
handpiece (which will vary from model to model) to 
hold the coil close to the ringer. The sketch shows one 
possibility. The battery and PC board are mounted in 


PICKUP COIL RECESSED 
INTO SIDE OF BOX 
AGAINST RINGER 


BASE 1mmMDF 


the hollowed out base. 
A. March, 
North Turramurra, NSW. ($30) 


BATTERY AND РСВ 
IN RECESS CUT 
INTO BASE 


signal during the tone burst. The re- 
sulting signal is output as a DC volt- 
age which can be read using a stand- 
ard multimeter. The power delivered 
to the loudspeaker is simply calcu- 
lated by squaring the measured DC 
voltage and dividing by the imped- 
ance of the loudspeaker (2, 4 or 8Q). 
The circuit is based on the IHF Tone 
Burst Source published in July 1988. 
A 200Hz signal is produced by 555 
timer IC1 which is divided by two in 
D-flipflop IC3a. This gives a 100Hz 
square wave. IC4a is connected as a 
bandpass filter to reject signals other 
than the 100Hz fundamental and the 


output is thus a sinewave. VR2 adjusts 
the signal level applied to IC4b. 

Normally, with switch IC6a closed, 
there is very little 100Hz signal at the 
pin 1 output of IC4b. When the switch 
opens, IC4b has a gain of 2.2 and the 
signal level is high. 

IC2 sets the burst rate and duration. 
The ріп 3 output controls the data input 
of D-flipflop IC3b. Its high output time 
is set by the 180kQ and 27kQ resistors 
plus the 10ЏЕ capacitor. The low output 
time is set by the 27kQ resistor. Each 
time IC3b is clocked by the 200Hz sig- 
nal, the Q output follows the data input 
which in turn controls switch IC6a. 


The amplifier output is monitored 
and rectified by diode D6. The sig- 
nal is then divided by the attenuator 
set by the resistors at switch S4. 
IC6b allows the signal to pass to a 
10uF capacitor during the burst pe- 
tiod and it is controlled by the Q- 
bar output of IC3b. IC5 buffers the 
voltage applied to the 10uF capaci- 
torand holds the voltage level when 
the tone burst is off. 

Power is derived from a 15V trans- 
former. D1-D4 rectify the AC, while 
a 7815 regulator provides the cir- 
cuit with a 15V supply. 

SILICON CHIP. 
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DICK = SMITH 


Great New Products That Will Keep You Dry 


Compact Weather Station Deluxe Weather Station 

Now everyone can keep track of the changing weather Features a very large LCD screen for easier viewing when 
patterns with their own home weather station. This stylish unit either wall mounted or desktop. Provides greater temperature 
provides an electronic barometer (with altitude compensation) ^ resolution, as well as clock 
showing actual barometric 3 (with alarm) and a calendar 
pressure & its trend over Я = function. Also includes 

the last 24hrs, so you can selectable C/F temperature 
gauge the likely changes in and mb/inHg pressure read 
weather, or make use of outs. Other functions include 
the forecast that the an electronic barometer with 
weather station provides. ? pressure trend graph and 
Also measures indoor ^ direct readout, temperature 
temperature and relative compensated relative 
humidity to provide a humidity display, and 
comfort indication. Desk or general weather forecast 
wall mountable. Measures 7 icons. Includes fold out desk 


108 x 136 x 27mm (WHD). stand. Measures 133 x 182 
Requires 4 x AAA x 26mm (WHD). Requires 4 
batteries. x AAA batteries. 

Cat D-3952 Cat D-3954 


ep" «169% 
Helpful Products For The DIY Handyman! 


Flexible Grommets Black Project Boxes ` — NEW 
1.0mm x 2m long $2.95 Bus xp zul ) 

Sue А Cat Н-2840 $4.25 

санға" $3.25 canzoni” 65,25 


2.4mm x 2m long 75 х 135 x 49mm 


Cat H-1722 $3.45 ч ; Cal eee $5.50 
ж. mw ™ $6.25 j| | 


Hakko Wick а 
De-Soldering Braid Door Viewer 52 Міхесі Раск 
5 times the usual length of our normal Hakko Incredible 200 degree field of vision Terminals/ 
Braid and only twice the price! lets you almost see around corners! М Cli 
Size Cat No Price Clear all-round view of the entire аға Ties/Clips 
7.5m x 1.3mm кізіп 4256 outside your door, even the walls to the | Handy selection 
7.5m x 2.0mm N-1820 995 СЕ ee ca aaa for all your hobby 
7.5m x 2.5mm N-1822 9.95 Cat L-5855 and project 

needs. 

Cat H-3099 


5995 


Put Our Latest Kits To The Test! 


Multi 555 


Timer Circuits SERIES 
General purpose IC that acts as a building block for timer 
projects. The 555 allows a timer or pulse generator to be 
quickly & cheaply put together with just a few parts. It is also 
capable of operating relays directly, and 
is easier to set up for those utility 
projects. Supply voltage range is 4.5V to 
16V. Supplied with all components & a 
silk-screened, solder-masked PCBs, and 
а comprehensive instruction manual 
showing many circuits & overlays for 
different timing configurations. 
Cat K-2813 


$1695 


RF Test Oscillator 200 


Test and align your radio and other HF equipment with this 
new low cost RF Test Oscillator. With an up to date design, 
the RF test oscillator produces either CW or amplitude 
modulated signals which may be tuned continuously from 
350kHz to over 30MHz. Output is indicated on a four digit 
LED display and maximum output is around 250mV RMS with 
no load or 75mV into a 50-ohm load. Kit is supplied with all 
components, hardware, PCBs, 

case & pre-punched front 


panel. $ 1 8 9 


Cat К-7343 
“г 
an 


©» CD +6 | 


Sealed Lead Acid Battery Charger Q 


Charge your 12V SLA batteries directly from your car 
or boat battery. Charges up to 2A to a 13.8V 
endpoint. 

Features: 

© 2A average current limit 

* Suitable for 6.5AH capacity or greater. 

© Fuse protected 

© Reverse polarity protection | 
Kit supplied complete, including case and front 
panel label. 
Cat К-3211 


$ 4950 Jul '96 . 


50W Stereo Amp QUIM œ 


systems. Output power is to 50W RMS 
a coupler socket & switch set up 


components, hardware, PCBs, pre-punched case and front panel. 


Specifications: 
Jul '96 


Output 


Single channel:  54W RMS 
Both channels: 46W RMS 
input Sensitivity 

Power Amp: 1V RMS 


Frequency Response 
Power Amp Input: +0/-0.5dB 
20Hz to 30kHz 


Cat K-5590 


An amplifier offering unique features not normally found in everyday home stereo 
per channel into 8 ohm loads. Designed with 
providing direct stereo patch point between pre- 
amp output & the power amplifier. Ideal for home theatre where additional power 
amps or subwoofer amps need to be used in parallel. Kit is supplied with all 


Electronic Fluoro Starter CH 


Don't get annoyed with your blinking fluorescent lamps any 
more. For rapid turn-on and blink-free running of your fluoro 
lamps this kit is sure to solve your problems. It fits in a 
standard starter case so the lamp wiring does not have to be 
altered. Kit is supplied with all specified components, PCB and 
standard Fluoro starter for use to house the project. 

Due late August 


Cat K-3012 
$1950 «13» 
Pocket Sampler Q 


A low-cost circuit providing an interface 
between your computer and the outside 
world. Connects to your computer via 
the parallel port, giving 8-bit resolution 
over samples that can be taken on a 
time scale ranging from once every 
hour, down to 1 sample every 100us 
(10kHz). Project is complete with 
components, case, hardware, front 
panel label & software on a 3.5" disk. 


РС а 


Infrared Remote Volume Controller 20 
Based on a motor-driven potentiometer unit, this compact 
infrared control system can be installed in an existing 

amplifier, or housed in its own case and used as an external 
control kit. Kit is supplied with both transmitter and receiver 
boards plus 

components. 

Transmitter 

comes complete 

with deluxe case 

and front panel. 

Cat K-5407 


$6995 


Aug '96 


€. Jul 


Filter & Conditioner QM 


Protect your precious electronic equipment 
from spikes and electromagnetic 
interference with this low cost, easy to 
build line filter. Easy to construct, the kit is 
supplied complete with components, 
hardware, pre-punched panels, case and 
a 4-way power board. 


Cat К-3088 е 


$5995 
“еу Jul 96 е 


'96 


$299 


Availability: Our kits consist of many different parts from numerous suppliers. Whilst we have consulted closely with them and are satisfied as to their ability 
to supply. Sometimes problems can arise in obtaining all of the parts. This means there is a slight chance that availability may be delayed. Rainchecks are 
available, however if you'd like to check beforehand, please don't hesitate to contact your local store. 


More Great Products! 


Ryobi — Aluminium Frame Tool Case 
Cordless Drill |) fg) ^ rugged lockable 


serviceman's case with 
Enjoy the convenience of aluminium frame that's 
working with the 7.2V 


suitable for carrying 
Ryobi Cordless Drill sensitive test equipment, 
Cat T-4800 cameras, notebook 
computers etc, as well as 
standard electronics tools. 
It's supplied with an internal 
removable tool holder, 5 
adjustable padded dividers, 
and a shoulder carry strap. 
Size: 480mm(L) x 
325mm(W) x 150mm(H). 
Cat T-4856 


$6995 


Accessories not included. 


Self Adjusting Wire Stripper/Cutter 
Strip And Cut In One! 


Wessiess «ПЕР? 
Now 
Only 
$1495 


25/25V @ 160VA 
Cat M-1605 $49.95 


28/28V @ 300 VA 
Cat M-1610 $69.95 


Самые aga 569.95 


Шаа ы 


М.Ү.О.В Accounting Software Radio Receivers Registers 
Guide Books Includes fascinating frequencies to listen in on. Including: 
Get the most out of your accounting software with these Police, State Emergency Services, Ambulance, Aviation and 
practical guide books. hundreds of commercial frequencies. 
i NSW cat8-4140 
Was 524. low ^ 
Манов Пе ев Of $2495 Мом $19.95 


vic Cat B-4142 
Was 624.98. Now $19.95 


Cat B-6760 $3995 


Using M.Y.O.B 
Accounting Software 


Cat B-7026 $3995 


For use with M. Y.O.B. programmes: 
Accounting Software 


WA 
Was $2495 Now $19.95 


ер Cat B-4146 
Was 52495 Мом $19.95 


SA/NT Cat В-4148 
Маз $2495 Now $19.95 


Cat Х-3082 $399 TAS Cat B-4150 
‘Accounting with Payroll. Was $19.95 Now $14.95 
Cat X-7082 $599 


MAJOR DICK SMITH ELECTRONICS AUTHORISED STOCKISTS: 

NSW: «Batemans Bay 725 030 «Bathurst 323 933 Bowral 611 861 «Broken Hill 884 098 «Cootamundra 422 561 «Deniliquin 813 672 «Dubbo 
828 711 Goulburn 221 288 Griffith 624 534 *Leeton 532 800 *Moree 522 091 «Mudgee 723 895 *Murwillumbah 723 684 «Richmond 
784 101 «Типсшту 545 006 «Windsor 776 722 «Young 821 279 VIC: *Ararat 522 345 *Bairnsdale 525 677 *Benalla 622 710 «Colac 312 847 
«Есһиса 822 956 *Hamilton 72 2865 «Horsham 824 680 «Morwell 339 458 Rosebud 822 225 *Shepparton 219 497 «Swan Hill 329 303 
‘Warragul 234 255 «Warrnambool 615 111 «Wonthaggi 721 411 QLD: «Ayr 831 566 «Boonah (0754) 632 606 «Bundaberg 521 785 
*Caloundra (0754) 918 533 *Gympie (0754) 836 677 «Innisfail 612 014 «Kingaroy 625 777 «Mackay 511 723 «Maryborough 214 559 
*Mossman 982 200 «МІ. Isa 433 475 «Pialba 283 749 TAS: Burnie 319 222 «Devonport 248 322 SA: Whyalla 454 764 WA: «Albany 412 077 
*Bunbury 216 222 «Busselton 542 991 «Geraldton 211 278 «Mandurah 581 4940 «Margaret River 573 888 

Stores Across Australia & New Zealand 


| You Will Never Lose Your 


Way 


With These Great Products! 


MVT-7100E Deluxe Scanner 
For great performance in a compact package, get to 
know the MVT-7100E from Yupiteru in Japan. 
i This hand-held scanner covers 530kHz to 1650MHz, and 
provides 12 selectable step rates from 50Hz to 
м 100kHz to cater for the variety of users 
across this wide range of frequencies. 
Provides FM narrow and wide, AM, USB and 
LSB reception modes. Also featured are 
1,000 memory channels divided into 10 banks 
for easier scanning, 10 programmable search 
band memories, and 500 search pass 
memories to lock out unwanted frequencies 
during Search operation. Large LCD screen 
for easier viewing. Complete with NiCad 
batteries, AC charger, telescopic antenna, car 
cigarette lighter lead and a carry strap 


Cat D-2798 am» 


5699 YUPITERU 


Yaesu FRG-100 HF 
Communications Receiver 


Combines the latest microprocessor and RF design concepts to 
achieve a level of performance and ease of operation that you'll 
really appreciate. AM, SSB, CW and FM (optional) modes. 

* Covers 50kHz to 30MHz. 

* 50 Tunable memories. 

* Sharp IF filters for improved SSB reception. 

* Supplied with detailed instructions and DC cable. 

Cat D-2790 

2 Year Warranty 


e is now on sale at 
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Uniden 9000XLT Desktop Scanner 


Our fastest desktop scanner. Large backlit, 2-line LCD 
screen, twin turbo operation and 500 memories. Frequency 
coverage is 25MHz to 549.95MHz and 760MHz to 1300MHz. 
10 priority channels, AM, FM narrow and wide reception 
modes. Plus many, many more features. 


Cat D-2739 
BONUS 


Discone Antenna- 
Value $99.95 


GPS2000 


Satellite Navigator 


Designed especially for the outdoor 
enthusiast. Hand held, portable, 
affordable and easy to use. 

Splash proof housing. Tracks up to 12 
Satellites for faster updates. Operates 
for up to 17 hours on 4 AA alkaline 
batteries. Scroll through 4 graphic 
navigation screens to show your 
position, direction, speed and progress. 
Weighs just 283g and measures 167 x 


MAGELLAN 


58 x 33mm. 
Cat D-3900 am 
5495 — 
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PHONE. FAX & MAILORDER SERVICE 


For further information, orders or the location 
of your nearest store call: 
AUSTRALIA Phone: 1300 366 644 (Local Call Charge) 
Or Fax: (02) 805 1986 or write to: 
Dick Smith Electronics, Mail Orders, Reply Paid 160 
PO Box 321 NORTH RYDE NSW 2113 
NEW ZEALAND Phone: (09) 480 8049 or (09) 480 3331 
Or Fax: (0800) 800 290 or write to: 
Dick Smith Electronics, Mail Orders Division, Private Bag 102-903 
North Shore Mail Centre. Auckland 
All major Credit Cards accepted. O/Nite Courier Available. 


1 Northbridge 328 6944 TAS « Glenorchy 732 176 * Hobart 31 0800 * Launceston 344 555 NT « Darwin 81 1977 


* STORES IN RED ARE OPEN SUNDAYS. 
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Orange 
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Highpoint 9318 6300 * Knox Towerpoint 9800 3455 
St 9639 0396 * Richmond 9428 1614 « Ringwood 9879 5338 * Springvale 9547 0522» QLD 
15 • Capalaba 3245 2870 * Chermside 3359 6255 


тіге 231 7777 * Elizabeth 255 6099 * Enfield 260 6088 
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ELECTRONIC 


STARTER 


For fluorescent lamps 


Do your fluorescent lamps go blinkety-blink blink blink 
when you turn them on? Or do they flash on to blind you and 
then plunge you into darkness? Solve these problems with 
this new electronic starter which gives a rapid start every 
time. It fits in a standard starter case so the lamp wiring does 
not have to be altered. 


By JOHN CLARKE 


cient but they can be very annoying when they 

don’t start as soon as you switch them on. This 
“blink blink blink - nothing - flash - Ah! it’s on!" sequence 
can be particularly frustrating if you need to leave your 
warm bed on a cold night for a “comfort break”. Fluores- 
cent lamps are much harder to start when the 
temperature is low which adds to the problem. 

What can be really frustrating if you 
have a cantankerous fluorescent lamp 2 
is that changing to a new starter or 
even a new tube may not help 
much. Modern slimline 18W and 
36W tubes are hard to start, even 
when new, and they are a real 
problem if they are used in a 
batten fitting intended for older 
style 20W or 40W tubes. 

Up till now, there has been no 
solution to this problem but 
Philips has just released a sur- 
face mount 8-pin chip which ap- 
pears to be a real ripper. Desig- 
nated the UBA2000T, it is specifi- 
cally designed to start slimline “TL” 
tubes and incorporates features which 
overcome all the disadvantages of conven- 


] ET'S FACE IT, fluorescent lights are bright and effi- 
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tional *glow switch" fluorescent starters. 

Before delving into the operation ofthe electronic starter 
we need to see how a fluorescent lamp circuit works and 
why the conventional starter it has its disadvantages. So 
let's refer to Fig.1. 

A fluorescent lamp is connected to the 240VAC mains 
supply via a "ballast" which is an iron cored 
inductor. In more detail, the current from 
the 50Hz mains passes through one of 
the tube filaments, then through the 

starter, through the other filament 

and then via the ballast. The 
starter, as its name implies, gets 

it all going. 
If you pull a conventional 
starter apart, and you will if 
you build this project, you will 
find that it contains what looks 
like a conventional miniature 
neon lamp connected in paral- 
lel with a high voltage capaci- 
tor, typically .005uF 2kV ce- 
ramic disc. This very simple con- 
struction has quite a complex func- 
tion. Similarly, the fluorescent tube 
itself looks very simple but there is more 

to it than meets the eye. 


р> 
> 


A fluorescent tube is coated with a 
phosphor on the inside of the glass 
and it contains a minute quantity of 
mercury and a mixture of inert gases. 
As well, it has a filament heater at 
each end, made with triple coiled tung- 
sten wire and coated with an emissive 
material such as barium or strontium 
oxide. When power is first applied to 
the circuit of Fig.1, current is passed 
through the two filaments to raise them 
to red heat and this causes them to 
emit electrons, just like filaments in 
radio valves. The electrons rapidly 
disperse along the tube so that when a 
high voltage is applied to the tube, an 
electric discharge can occur through 
the inert gases. 

Once this discharge starts, the mer- 
cury in the tube is vaporised and it 
begins to emit ultraviolet light. The 
ultraviolet causes the tube phosphors 
to fluoresce and so visible light is 
produced. 

The job of the starter is twofold. 
First, it has to let current pass through 
the filaments so they can heat up and 
emit electrons. Then after a short de- 
lay, the starter interrupts the current 
to the filaments. Since the ballast in- 


VOLTAGE 
DETECTORS 


ARGON OR NEON 
FILLED GLASS 
CHAMBER 


TERMINALS 


FILAMENT 


240VAC 


INDUCTOR OR 
BALLAST 


ductor is also in series with the fila- 
ments, this sudden interruption of 
current causes it to produce a brief 
high voltage spike. This high voltage 
is applied to the tube to cause the 
electric discharge referred to above. If 
all goes well, the tube lights up and 


Fig.2: functional diagram of the UBAZOOOT TL lamp starter. It counts the cycles 
of the 50Hz supply to give a precise filament heating time and it also monitors 
filament current to ensure that the lamp has the best chance of starting. 


Fig.1: the circuit a 
conventional fluorescent 
lamp with a glow switch 
starter. The starter enables 
filament current to flow at 
switch-on and it opens 
after a short delay. The 
back-EMF then generated 
by the ballast inductor 
then fires the tube. That's 
the theory anyway. 


then the starter is effectively out of 
circuit. 

Clearly though, while the glass tube 
in the fluorescent starter might just 
look like a largish neon lamp, it is 
more than that. The starter has two 
contacts, one of which is bimetallic. 
When voltage is first applied to the 
circuit of Fig.1, the inert gas inside the 
starter ionises and a small amount of 
current flows. This heats up the inte- 
rior of the starter and so the bimetallic 
contact bends over slightly to meet its 
mate and so current can flow through 
the two filaments and the ballast. 

Meanwhile the interior ofthe starter 
cools down, the bimetallic contact 
opens the circuit, the filament current 
stops and the ballast fires the tube. If 
all goes well, that is. Generally though, 
the starter has to make several tries 
before the fluorescent tube fires prop- 
erly and that leads to the blink, blink 
problem that we all know and hate. 


* Starts 18 and 36W slimline 
fluorescent tubes 


Compatible with standard fluo- 
rescent starters 


Fast start without excessive 
flicker 


* Precise preheat time 
* Minimal radio interference 
* Timeout if lamp fails to fire 
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* 500V WORKING (MULTICOMP 0.25W 1%) 


Fig.3: the UBA2000T lamp 
starter IC (IC1) switches 

a 1000V Mosfet (Q1) to reliably 
start slimline and conventional 
fluorescent tubes. The IC 
repeats the start sequence up to 
six times, after which the 
Mosfet is turned off as a safety 
measure. 


ELECTRONIC FLUORESCENT TUBE STARTER 


So why is the capacitor inside the 
starter? One reason is that it helps 
prevent arcing across the contacts as 
they open. The other is that it helps 
reduce the radio interference both from 
the starting operation and from the 
electric discharge inside the fluores- 
cent tube. 

These conventional starters are very 
simpleto manufacture but they have a 
number of drawbacks. First, the pre- 
heat time is set by the thermal lag of 
the bimetallic contact. This is the time 
it takes the contact to cool and reopen 
and it can vary depending on ambient 
temperature and manufacturing toler- 
ances. In some cases the preheat time 
will not be enough to allow the fila- 
ments to warm up sufficiently to fire 
the tube. Naturally, this problem gets 
worse as the starter and fluorescent 
tube get older. 

Amore serious problem is that when 
the starter contact opens, the induced 
voltage from the ballast may not be 
sufficient to fire the tube. This is be- 
cause the bimetallic contact can open 
at any time within the mains cycle 
and the ballast current may be very 
low when this happens. So that is 
why even a new starter may need 
several tries to fire the fluoro tube. 


vech 


vecis — 
40-49V 


IST PREHEAT 


157 IGNITION 


PARTS LIST 


1 PC board coded 10308961, 17 
x 28mm 

1 fluorescent starter container 
and lid with terminals (see 
text) 

1 12mm diameter x 12mm long 
piece of heatshrink tubing 


Semiconductors 

1 UBA2000T TL-lamp starter. 
(1С1) (Philips) 

1 TO-220 1000V Mosfet, 


BUK456-1000B, STP3N-100 
(Q1) 

4 1N4007 1000V rectifier diodes 
(D1-D4) 

Capacitors 

1 З.ЗшЕ 63VW PC electrolytic 

1 .0056uF 2kV ceramic 


Resistors (0.25W, 1%) 
11м0 
1 100kQ 500V МАХ (Multicorp) 
162kQ 


Thirdly, there is no provision to 
stop the starter sequence if the lamp 
fails to start. This repetitive starting 
can eventually burn out the ballast 


2ND IGNITION. 
2ND PREHEAT, 


in Ірге 152% 
tint | pri 


- 
TIME 


== 


Fig.4: this diagram illustrates the starting sequence of ће UBA2000T. 
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due to overheating. Alternatively, if 
the starter's contacts weld up, the bal- 
last will be burnt out and this means 
an expensive repair. Generally, it is 
cheaper to replace the whole lamp 
fitting. 


Clever chip 


Our new electronic starter circuit is 
shown in Fig.2. It plugs in directly to 
the starter socket on a fluorescent lamp 
fitting. As well as using the Philips 
UBA2000T lamp starter chip, it has a 
1000V Mosfet, a bridge rectifier and a 
few resistors and capacitors. While 
the UBA2000T is a teensy little chip, 
it has quite a lot of circuitry inside it, 
as indicated by the functional dia- 
gram of Fig.2. 

Looking at Fig.2, the UBA2000T has 
Vin and Vsense pins which monitor the 
mains voltage and filament current, 
respectively. By monitoring Vin the 
UBA2000T knows whether the tube is 
ignited or not; the voltage level is lower 
once the tube is ignited. By monitor- 
ing the filament current, the UBA- 
2000T can fire the tube at the opti- 
mum time. 

Pin 3 drives the gate of a 1000V 
Mosfet which is used to switch the 
filament current on and off. The Mosfet 
is not switched on if the Vcc supply is 
too low (below 40-49V) or the current 
through the filaments is excessive 
(above 2.2A peak). 

Fig.4 shows the typical start se- 
quence waveform. When power is first 
applied to the circuit, the capacitor at 
the Усс pin is charged through the 
internal switch S1. When Vcc reaches 
the start voltage, (Усс(51)) and when 
the mains voltage is at its peak value, 
the Mosfet will be turned on. 


The UBA2000T now counts the 
mains cycles until 1.52 seconds (ie, 
76 cycles at 50Hz) has elapsed. Also 
during this time the capacitor at the 
Vcc pin discharges. The Mosfet is 
switched off provided the current 
through the internal sense resistor is 
greater than 285mA. This allows the 
ballast inductor to produce sufficient 
voltage to fire the tube. Typically, this 
firing voltage will be somewhere be- 
tween 700 and 800V! 

If the fluorescent tube does not fire, 
the UBA2000T tries again, as shown 
in Fig.4. It must first recharge its own 
supply capacitor at pin 6 (Voc) and 
then filament current is applied again. 
This second preheat period is set to 
0.64s since the filaments are already 
assumed to be warm. 

After the tube fires, the peak volt- 
age across it will typically be about 
100V which is considerably lower than 
the mains voltage peak (around 340V) 
and so the Vcc(sl) threshold for the 
UBA2000T can no longer be reached. 
The Mosfet is therefore held off and 
the starter circuit is effectively out of 
action until the mains voltage is turned 
off and reapplied. 

The UBA2000T will repeat the start 
sequence six times after which the 
Mosfet will be turned off. This is a 
very good safety feature since it pre- 
vents the ballast inductor from being 
burned out. As a further safety fea- 
ture, the Mosfet will be turned off if 
the sensed preheat current exceeds 
2,2 amps peak. 


Circuit description 


The circuit of Fig.3 shows how the 
UBA2000T is used in practice. Diodes 
D1-D4 are connected in a bridge to 
rectify the mains voltage. This applies 
the correct voltage polarity to both 
1С1 and Qi. The 100kQ and 62kQ 
resistors across this rectified mains 
supply divide the voltage down for 
the pin 4 input and limit the charge 
current to the 3.3uF Vcc capacitor at 
pin 6. 

The 1MQ resistor between pin 6 
and the gate of Q1 provides a small 


This photo shows the copper side of 
the assembled PC board. The surface 
mount IC means that you will need a 
fine-tipped soldering iron to mount it 
in place. 


COPPER SIDE 
OF PCB 


8 
Д 
ST 


Д 
ARTER BASE 


CI (0056) 


Fig.5: the parts layout diagrams 
for both sides of the PC board. 
Note that the four diodes and the 
100КО resistor are mounted 
underneath the .00564F ceramic 


QR 


Fig.6: this is the full-size etching 
pattern for the PC board. Check 
your board for etching defects by 
comparing it with this pattern 
before installing any parts. 


Only three parts are mounted on this 
side, the main one being the 1000V 
Mosfet. This should be sleeved with 
heatshrink tubing before the board is 
installed inside the starter case. 


pullup currentto keep the Mosfet gate 
high once it is triggered by a pulse 
from pin 3. The gate is switched off 
when pin 3 goes low. Note that the 
source electrode of the Mosfet is con- 
nected to pin 1 so that its current (ie, 
the filament current) is sensed by the 
internal 26mQ resistor between pins 
1and 2 of IC1. 

Capacitor C1 is included to sup- 
press radio frequency interference 
caused by discharge in the tube. 

Note that all components are rated 
for the high voltages involved. The 
3.3uF 63VW capacitor can have up to 
49V across it, while the voltage across 
the tube at the instant Q1 is switched 
offcan be 800V or more. Consequently, 
C1 has a 2kV rating while Q1 and D1- 
D4 have a voltage rating of 1kV. The 
100kQ resistor must have a minimum 
rating of 500V. 


Construction 


The electronic starter is constructed 
on a PC board coded 10308961 and 
measuring 17 x 28mm. This is de- 
signed to be a snug fit inside a stand- 
ard fluorescent starter container. Even 
so we had to mount components on 
both sides of the board and in some 


a No. Value 
a 1 1MO 
a 1 100kQ 
a 1 62kQ 


RESISTOR COLOUR CODES 


4-Band Code (1%) 

brown black green brown 
brown black yellow brown 
blue red orange brown 


5-Band Code (1%) 

brown black black yellow brown 
brown black black orange brown 
blue red black red brown 
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cases they lie on top of each other, as 
you will see from the diagram of Fig.5 
and the photos. 

To put this PC board together you 
will need either a very keen pair of 
eyes or better still, a pair of close-up 
specs or a mag-lamp. IC1 is a surface 
mount IC so you will need a fine- 
tipped soldering iron since the IC's 
legs are spaced only 1.27mm (.050") 
apart. Note that since IC1 is a surface- 
mount type, it is mounted on the cop- 
per side of the board. Other compo- 
nents on the copper side are the four 
diodes, C1 and the 100kQ and 62kQ 
resistors. 

Check that the PC board is correct 
by comparing it with the published 
pattern. Correct any shorted or broken 
tracks at this stage. Before soldering 
anything to the board we suggest that 
you pre-tin the copper tracks for the 
IC pins. Then place the IC in position 
making sure it is oriented correctly. 
How do you do that? 

We did say you will need very good 
vision. Notice that one end ofthe IC is 
chamfered along one side; pin 1 is at 
the top, if you hold the IC with the 
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Especially For Model 
Railway Enthusiasts 


Includes 14 projects for model railway layouts, including throttle controllers, sound 
simulators (diesel & steam) & a level crossing detector. Price: $7.95 plus $3 for 
postage. Order today by phoning (02) 9979 5644 & quoting your credit card number; 
or fax the details to (02) 9979 6503; or send cheque, money order or credit card 
details to: Silicon Chip Publications, PO Box 139, Collaroy, NSW 2097. 


The electronic 
fluorescent starter is 
mounted inside a 
dud fluorescent 
lamp starter case. It 
will rapidly start 
slimline (25mm) 
and conventional 
(38mm) fluorescent 
tubes without 
flashing. 


chamfered edge at left. This can be 
seen in Fig.5. 

Once you have the tracks for IC1 
tinned and it is in position, solder 
each pin quickly with just enough 
heat to melt the solder on the PC board. 
Then check each solder connection is 
good by measuring the resistance be- 
tween each pin and the PC track. 

On the component side of the PC 
board side insert and solder in the 
1MQ resistor and the 3.3uF capacitor, 
taking care with polarity. The capaci- 
tor should lie over the 1MQ resistor. 
Keep a few mm of lead length be- 
tween the PC board and capacitor so 
that it lies more or less parallel with 
the board. Cut the leads short on the 
copper side after soldering. 

Now install the remaining parts on 
the copper side. Make sure that the 
diodes are oriented as shown and cut 
the leads flush with the PC board side. 
Now place the .0056uF capacitor over 
the diodes and bend its leads so that 
thecapacitor body can lie parallel with 
the board. Solder this in place. 

Next, mount the Mosfet on the com- 
ponent side, with its leads bent at 


right angles so that it lies parallel to 
and close to the board. It is oriented so 
that the metal tab faces away from the 
top of the board. Solder and trim its 
leads. Lastly, fit a 12mm length of 
12mm diameter heatshrink tubing over 
the Mosfet to completely insulate it. 


Starter container 


You will need to disassemble a 
starter for its case and lid with termi- 
nals. Use a small screwdriver to care- 
fully prise the Bakelite lid from the 
cylindrical container. You will need 
to gradually work around the whole 
circumference of the container with 
the screwdriver until the baseplate 
can be removed. 

Withdraw the lid and components 
and cut the wires close to the capaci- 
tor body. These leads are then attached. 
to the PC board of your new electronic 
starter. Cut the starter tube wires close 
to the baseplate lug. The capacitor 
leads can now be inserted into the PC 
board from the PC board side and 
soldered in place. 

Next, carefully inspect the PC board 
assembly for any solder dags or 
splashes or pigtails which are too long. 
This aspect is most important when 
you consider the peak voltages which. 
can occur between the leads to the 
Mosfet and diodes. None of your sol- 
dering should diminish the gaps be- 
tween conductors of the bare board. 

When you are satisfied that all as- 
pects of the soldering and assembly 
are correct, insert the PC board and 
starter lid assembly into the container 
and clip in place. Note that the com- 
ponents may need to be pressed closer 
to the PC board if the fit is too tight. 

Finally, test your new electronic 
starter in a fluorescent light fitting. 
The tube should initially glow orange 
at the filaments, then glow white at 
the tube ends and then light up fully, 
usually after the first attempt. | SC 
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SONICA à 


Build a VGA 
digital oscilloscope 


One of the real attractions of this digital scope, 
based on a VGA monitor, is that you don’t have 
to peer at the display - it is large, bright and the 
different coloured traces and graticule make it 
easy to interpret what’s happening. In this 
article we discuss the circuit details. 


By JOHN CLARKE 


To fully understand the discus- 
sion, it will be a help if you can refer 
to the block diagram presented on 
page 28 of last month’s issue. 

The circuit for the VGA Oscillo- 
scope has been split into two sec- 
tions. The main section is Fig.1, on 
pages 66 and 67, comprises most of 
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the circuit while the timebase circuit, 
Fig.3, is shown on page 69. 

28 ICs are used in the entire cir- 
cuit. However, as we shall see, some 
of the circuit is repetitive (for the 
СН1 and CH2 inputs) and much of it 
involves timers and counters. 

Looking at the top righthand cor- 


ner of the two-page circuit, S1 is the 
AC/DC coupling switch for the Chan- 
nel 1 input. S1 also has a GND set- 
ting to allow the trace to be posi- 
tioned on the graticule as a ground 
(zero) reference point. Following S1, 
the input signal passes via the atten- 
uator switch S2. This is essentially 
a string of resistors, with each one 
bypassed by a capacitor to improve 
high frequency response. Trimmer 
capacitor VC1 allows adjustment of 
the frequency compensation. 

After the attenuator, the signal is 
applied to the gate of JFET Q1 which 
acts as a high impedance buffer. Its 
gate is protected from excessive sig- 
nal excursion by two back-to-back 
LEDs. These begin to conduct for 
signals in excess of +1.8V peak and 


1 plastic case, 262 x 189 x 
84mm, with metal panel 

1 front panel label, 252 x 76mm 

1 PC board, code 04307961, 
252 x 75mm 

1 PC board, code 04307962, 
213 x 142mm 

1 PC board, code 04307963, 
252 x 75mm 

2 PC boards, code 04307964, 
20 x 32mm 

3 2P3W slider switches 
(81,53,511) 

З 1-pole 12-way rotary switches 
(52,54,55) 

5 SPDT toggle switches 
(56,57,58,59,512) 

1 SPDT сепіге-оН switch (S10) 

2 10kQ horizontal mount 
trimpots (VR1,VR3) 

1 5kQ horizontal trimpot (VR6) 

2 5002 linear pots (VR2, VR3) 

1 5kQ linear pot (VR5) 

2 2-47pF miniature trim 
capacitors (VC1,VC2) 

1 9-68pF miniature trim 
capacitor (VC3) 

1 4MHz parallel resonant. 
crystal (X1) 

1 15-pin VGA line socket and 
lead 

1 cable clamp 

1 5mm rubber grommet 

1 DC panel socket 

2 BNC panel sockets 

5 3mm LEDs (LEDs 1-5) 

3 15mm OD black knobs 

З 18mm OD knobs (1 green, 1 
blue, 1 red) 

92 PC stakes 

2 8-way pin headers 

1 1.8m length of 0.8mm tinned 
copper wire 

1 150mm length of shielded 
cable 

1 800mm length of 4-way 
rainbow cable 

1 400mm length of red hookup 
wire 


PARTS LIST 


1 400mm length of green 
hookup wire 

1 400mm length of blue hookup 
wire 

1 400mm length of yellow 
hookup wire 

1 400mm length of black 
hookup wire 

3 3mm diameter x 6mm 
machine screws and nuts 


Semiconductors 

4 САЗ140 op amps (IC1,IC2, 
1С7,1С8) 

2 ADCO820CCN 8-bit A-D 
converters (IC3,IC9) 

2 MCM6206DJ20 20ns 8-bit 
RAMs (IC4,IC10) 

4 74HC85 4-bit magnitude 
comparators (IC5,IC6,IC11, 
ІС12) 

4 7555,TLC555CN CMOS 
timers (IC13,IC20,1C22,1C28) 

4 74HC74 dual D-flipflops 
(IC14,1C19,IC26,1C27) 

1 74HC86 quad EXOR gate 
(ІС15) 

1 74HC4053 analog CMOS 
switch (ІС16) 

2 74HC193 4-bit presettable 
counters (ІС17,1С18) 

1 LM319 dual comparator 
(IC21) 

2 74НС00 quad NAND gates 
(IC23,1C29) 

2 74HC4040 binary counters 
(1C24,1C25) 

1 7812 12V regulator (REG1) 

1 7805 5V regulator (REG2) 

2 2N5484 JFETs (Q1,Q2) 

3 BC338 NPN transistors 
(03,06,09) 

2 ВС548 NPN transistors 
(04,07) 

2 BF199 NPN RF transistors 
(Q5,Q8) 

21 1N914 signal diodes (D1- 
D16,D21-D25) 

4 1N4004 diodes (D17-D20) 


5 3mm red LEDs (LED1-5) 


Capacitors 

1 1000uF 16VW PC electrolytic 

1 S3uF 16VW PC electrolytic 

15 10uF 16VW PC electrolytic 

1 6.84F 16VW PC electrolytic 

1 ТЕР 16VW PC electrolytic 

2 0.22uF MKT polyester 

14 0.1uF MKT polyester 

1 .047uF MKT polyester 

4 .0039uF MKT polyester 

2 .0015uF MKT polyester 

5 .001ҺҒ MKT polyester 

2 680pF MKT polyester or ceramic 

1 560pF MKT polyester or 
ceramic 

1 470pF MKT polyester or 
polystyrene 

2 390pF ceramic 

2 150pF ceramic 

2 82pF ceramic 

3 47pF ceramic 

2 22pF ceramic 

З 3-60pF trimmer capacitors 
(VC1-VC3) 


Resistors (0.25W, 1%) 


1 10MQ 1 20kQ 
1 3.9MQ 2 12kQ 
1 2.2MQ 6 10kQ 
1 820kQ. 3 7.5kQ 
2 510kQ 1 6.8kQ. 
1 390kQ. 1 3.9kQ 
2 240kQ 1 3.3kQ. 
1 220kQ 5 2.7kQ 
1 150kQ 11 2.2kQ 
2 130kQ 2 1.8kQ 
З 100kQ 1 1.5KQ 
1 82kQ 7 1kQ 
2 75kQ 23300 
2 51kQ 12200 
2 47kQ 11200 
З 39kQ 3750 
2 27kQ 


Miscellaneous 
Solder, four self-tapping screws, 
cable ties. 


are there mainly to cater for the 
situation where the input attenuator 
is set too low for the size of the 
signal. Normally, if the attenuator is 
correctly set, the signal at the gate 
of Q1 will not exceed about +200mV 
peak, 


ІСІ and ІС? invert and amplify 
the signal by about 25 times to pro- 
duce sufficient level for the follow- 
ing A-D converter which requires 
5V for full conversion. VR2 controls 
the DC output offset of IC1 and IC2 
and thereby has the effect of shifting 


Fig.1 (following page): the main 
circuit section for the VGA 
Oscilloscope. This comprises the 
input circuitry, A-D converters 
(IC3 & IC9), memory storage 
devices (IC4 & IC10) and the 
oscilloscope timebase circuitry 
(1С13-15, IC17 & IC18). 
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Fig.2: these 
oscilloscope 
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waveforms show 
the timing for the 
record sequence. 
The top trace is the 
read/write input of 
the A-D converters, 
while the middle 
trace is the enable 
7 input for ће 
memory. The 
lower trace is the 
clock input to 
counter IC17. 


Sv 500п5 


the signal trace up or down the VGA 
screen. VR1, in the feedback loop 
for IC2, changes the gain for the 
vertical calibration function. 

Note that any change in the set- 
ting of VR2 will affect the overall 
gain of IC1 and IC2 since this is part 
of the gain setting resistance. How- 
ever, the range over which the poten- 
tiometer is adjusted to set the wave- 
form fully up or fully down on the 
screen is only a small percentage 
change compared to the overall re- 
sistance value. As a result, the gain 
change in not perceivable on the 
screen. 

ІСІ and IC2 are powered from 
12V in order to ensure an output 
swing capability of more than 5V, 
while diodes D1-D3 clamp IC2's out- 
put to prevent overload in the fol- 
lowing A-D converter. 

IC3 is an 8-bit high speed A-D 
converter with an inbuilt sample and 
hold feature. It has a 4-bit flash con- 
verter which uses 32 comparators to 
speed up conversion and can con- 
vert an analog signal to an 8-bit dig- 
ital code in a maximum of 1.5ys. 

AD conversion is started by a low 
on the WR-bar input at pin 6 of IC3. 
This must be low for at least 600ns 
before going high and must remain 
high for a minimum of 800ns before 
the data is valid. The data output 
lines are connected to the RAM chip 
1С4. This is a 20ns access time high 
speed memory containing 32K bytes. 
We have only used 256 bytes and 
although this may seem wasteful, 
its selection was based on the high 
speed and cost. Paradoxically, larger 
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memory can be less expensive than 
the less popular smaller RAM chips. 
High speed RAM is paramount 
for this application. Remember that 
when the memory is called to cycle 
through each location when display- 
ing the stored waveform on the 
screen, the allotted time per memory 
location is only 125ns (4MHz rate or 
250ns period and 125ns per half cy- 
cle). This means that there are 20ns 
devoted to accessing the correct data 
and 105ns devoted to comparing this 
value with the line counter. Any 
standard 120ns memory would be 
lost trying to keep up this pace. 


Channel 2 signals 


The signal process for channel 2 
is identical to that described above, 
the path being via attenuator switch 
S4, buffer Q2 and amplifiers IC7 and 
IC8. A-D conversion is in IC9 and 
the data is stored in RAM chip IC10. 

1С17 and IC18, which аге syn- 
chronous 4-bit preloadable counters, 
drive the address lines of IC4 & IC10. 
The clock input at pin 5 of IC17 
(which is also the AO input for IC4 
and ІС10) is from IC16 at pin 4. 
When the oscilloscope is in display 
mode the clock signal comes from 
the MAGnification selection at S11a 
via pin 3 of IC16 and is fed through 
to pin 4. When in the record mode, 
the clock is from IC15c at pin 3 of 
IC16. This indirectly obtains a clock 
signal from the timebase oscillator, 
1С13. 


Triggering 
The outputs of IC2 and IC8 con- 


nect to switch S6 and this selects 
the source of triggering from chan- 
nel 1 or channel 2. Comparators 
IC21a and IC21b take the signal from 
S6 to generate the trigger signal. 
IC21a generates trigger signals for 
positive-going signals while IC21b 
acts as an inverter to generate trig- 
ger signals for negative-going inputs. 
The trigger threshold (level) is set 
by VR5. Positive or negative trigger- 
ing is selected by switch S7. 

The comparator output selected 
by S7 triggers IC22 which is а 7555 
timer set up as a one shot. When 
triggered, its output at pin 3 goes 
high and remains high until reset by 
the update oscillator IC20. This oc- 
curs when S8 is in the realtime po- 
sition but IC22 remains set if left in 
the store position. 

IC20 is another 7555 timer which 
operates as a free running oscillator. 
It charges the selected capacitor at 
pin 2 and 6 via a 6.8kQ resistor and 
diode D7 and discharges it via the 
150kQ resistor. With this setup, its 
pin 3 output is high for a short time 
(to reset IC22) and low for a rela- 
tively long time to allow triggering 
from 1С21. 

Flipflop IC19b is triggered either 
by 1C22 or IC20, depending on the 
setting of switch S9. In the free run 
position of S9, the display is up- 
dated at a regular interval set by the 
frequency of IC20, This means that 
the display will not be locked (ie, it 
will be moving) since a different 
part of the waveform will be stored 
at each trigger point. The triggered 
selection for S9 provides a static 
display since the waveform is stored 
at the same point in the waveform. 
each time and only when the pin 3 
output of IC20 is high. 

1С19Ь is reset when power is first 
applied, due to the 10uF capacitor 
at the cathode of D11 being dis- 
charged. This pulls the CLR input 
(pin 13) low to reset the Q output 
low and the Q-bar output high. When 


Fig.3 (right): the VGA timebase circuit. 
NAND gate IC23a and X1 form а 
master crystal oscillator, while binary 
counters IC24 & IC25 provide the 8-bit 
data signals for IC5, IC6, IC11 & IC12 
(on Fig.1). 
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waveforms show 
the line sync pulses 
(top) and the frame 
sync pulses 
(bottom ). The 
centre trace is 
actually a 
horizontal line for 
thegraticule. 
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IC19b is triggered, the Q output at 
pin 9 goes high and operates the 
three switches inside IC16 via the 
A, B and C inputs. This switches 
pin 4 to pin 3, pin 15 to pin 1 and 
pin 14 to pin 13. At the same time, 
the low output at pin 8 of IC19b (Q- 
bar) selects the ADC chips IC3 and 
IC9 (via their the CS inputs) and 
places IC4 and IC10 (RAM) in the 
write mode. 

The low Q-bar output from pin 8 
of IC19b also clears IC19a, via the 
560pF capacitor connected to pin 1. 
This causes the Q-bar output of IC19a 
to go high. Before this happens, the 
previously low Q-bar output of IC19a 
presets IC17 and IC18, via IC16. Di- 
ode D12 holds the C preset input 
(pin 10) of IC17 low and so both 
counters are preset to 0000 0000. An 
RC delay from the Q-bar output of 
IC19a to pin 13 of IC16 is used to 
extend the preset time for IC17 and 
1С18. 

The above sequence sets the cir- 
cuit in the record mode. Timebase 
oscillator C13 now controls the read/ 
write inputs of A-D converters IC3 
and 1С9. 

Fig.2 shows a screen printout of 
oscilloscope waveforms of the tim- 
ing for the record sequence. The top 
trace is the read/write input of the 
A-D converters. When low, the A-D 
converter samples the data and flash 
converts the four most significant 
digits. 800ns after the rising edge of 
the read/write input, data from the 
A-D converter is valid. 

The middle trace of the oscillo- 
scope waveform is the enable input 
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for the memory. It is derived from 
the timebase and passes through 
EXOR gate IC15a (IC15 is near the 
lower righthand corner of the cir- 
cuit, Fig.1). IC15a has its pin 1 input 
directly connected to the timebase, 
while pin 2 is connected via an RC 
delay. Whenever the input to IC15a 
changes, pin 3 goes high for the 
delay period to disable the memory. 
This prevents any false data from 
the A-D converter being applied to 
the data inputs of the memory. 

The lower trace on Fig.2 is the 
clock input to counter IC17 which is 
a divide-by-two timebase signal. The 
timebase clocks IC14, which is con- 
nected as a toggle flipflop. Its output 
is passed through two EXOR gates, 
ІС15Ь & ІС15с, wired as non-invert- 
ers to introduce a small amount of 
delay between the positive edge of 
the timebase and the change in the 
clock signal for IC17. This ensures 
that the memory is disabled via IC15a 
(middle trace) before the address is 
changed. 

When counters IC17 & IC18 have 
reached a count of 256, the Ор out- 
put at pin 7 of IC18 goes high and 
clocks D-flipflop, IC19a. This pro- 
duces a low at the Q-bar (pin 6) 
output of IC19a and this presets IC17 
& IC18. A low pulse to the CLR 
input of IC19b via the 680pF capaci- 
tor sets the Q output of IC19b low 
and Q-bar high. The high Q-bar out- 
put deselects A-D converters IC3 
and IC9 and switches the IC4 and 
1С10 memories to read mode via the 
Write-bar inputs at pin 27. 

The low Q output switches IC16 


so that the clock input of IC17 and 
address line 0 of IC4 are controlled 
by the 4MHz to 1MHz inputs at pin 
5. These inputs come from the 
timebase circuit (see Fig.3). Also the 
memories are permanently enabled 
via the now low E-bar inputs caused 
by pin 15 of IC16 connecting to the 
low pin 2. Counters IC17 and IC18 
are now preset by the line sync sig- 
nal now present at pin 14. 

In addition, the low Q-bar output 
of IC19b clears IC19a via the 560pF 
capacitor connected to pin 1. Its Q- 
bar is high and so diode D12 con- 
necting to the C input of IC17 is 
reverse biased. This input is pulled 
high via the 10kO resistor when S11b 
is in position 1. Preloading of 1С17 
now sets it to an initial count of 8. 
This may appear unusual, however 
it is used to move the oscilloscope 
trace along the screen so that the 
trigger point is exactly in line with 
the far left graticule vertical line. 


Magnitude comparators 

1С5 and IC6 (top righthand corner 
of Fig.1) are digital magnitude com- 
parators with "less than", "greater 
than" and “equal-to” outputs. For 
our application we only use the 
“equal-to” output, pin 6, which turns 
on the display when the data from 
IC4 (channel 1 RAM) is identical to 
the line count from the VGA timebase 
circuitry. Pin 6 drives the base of 
transistor Q3 via a 2.2kQ resistor. 
This is level-clamped using diode 
D13 and the 1.8kQ resistor. The emit- 
ter follower configuration of Q3 
drives the video input (green) of the 
VGA monitor via a 75Q resistor. Thus 
the channel 1 trace is green. 

Transistors Q4 and Q5 are for 
blanking the display when updating 
the A-D conversion and during the 
line sync pulse respectively. This 
prevents the trace from producing 
an unusual display or overscanning. 

06, Q7 and Q8 operate in the same 
manner as above for the channel 2 
trace; ie, Q6 drives the red gun of 
the VGA monitor, while Q7 & Q8 are 
for blanking. Q6 is driven by pin 6 of. 
1C12. IC11 & IC12 are the digital 
magnitude comparators for channel 
2. 


Power 

Power for the circuit is derived 
from a 12VAC plugpack which is 
rectified using D17-D20 and filtered 


with a 1000uF capacitor. REG1 and 
REG2 provide the +12V and +5V 
supplies for the circuit. The 10uF 
capacitors at the output of each regu- 
lator prevent instability. There are 
also a number of 10uF and O.1uF 
decoupling capacitors across the 
supply rails. 


VGA timebase 


The VGA timebase circuit is 
shown in Fig.3. NAND gate 1C23a is 
the master crystal oscillator operat- 
ing at 4MHz. A 10MQ resistor be- 
tween pins 11 and 12 biases the 
inverter into the linear mode. Crys- 
tal X1 oscillates across the inverter 
pins with the 22pF capacitors pro- 
viding loading to prevent overtone 
oscillation. 

1C23b inverts the clock signal and 
both this signal and the pin 11 out- 
put from 1C23a is applied to the 
Data (pin 2) and the Preset (pin 4) 
inputs of flipflop IC26b. IC26b is a D- 
flipflop and the inverted level at the 
Data input is clocked through to the 
Q-bar output on the positive edge of 
the CK input at pin 3. When the 
preset is low, the Q-bar output is set 
low. 


Graticule generation 


1C24 is a binary counter with out- 
puts from Q1-Q12. These are ad- 
vanced on the negative transition of 
the clock input at pin 10. Its Q4 
output runs at 250kHz and this is 
inverted with IC29a to clock IC26b. 

When Q4 goes low and when the 
Preset input of IC26b is high, the Q- 
bar output of IC26b goes high. As 
soon as the Preset goes low again 
after 125ns the Q-bar output goes 
low again. This output produces a 
vertical graticule line signal 125ns 
wide and is repeated at a 250kHz 
rate or every 4us. 

This means that we have 8 verti- 
cal graticule lines in the allotted 
32us for each line. 

The vertical line signal drives 
buffer transistor Q9 via a 1kQ resis- 
tor. The three series diodes limit the 
base drive to 1.8V and the emitter to 
1.2V. 

The line sync pulses are derived 
using IC26a which works in the same 
manner as IC26b. When the Preset 
input at pin 10 is low, the Q output 
at pin 9 goes high when Q7 of IC24 
goes low. The result is a 2us (set by 
the Q3 output of IC24) low-going 


pulse at the Q output of IC26a. This 
occurs every 32us as set by the 07 
output of IC24. Note that the use of 
IC23c to NAND the Q3 and Q4 out- 
puts of IC24 before being applied to 
the Preset input of IC26a essentially 
shifts the line sync pulse so that it 
occurs before the first vertical grat- 
icule line. 

IC25 is a second binary counter to 
give us the requisite Q13-Q16 out- 
puts. Note also that Q9-Q16 are the 
line counter outputs used for com- 
parators IC5 and IC6 and IC11 and 
1С12. 

Similarly, the 4MHz, 2MHz and 
1MHz outputs are used to clock the 
memories when in the playback 
mode, as selected by switch S11a. 


Frame sync pulses 

Frame sync pulses are derived in 
a similar way to the vertical graticule 
line and line sync pulses. Q16 from 
IC25 provides a 61Hz signal, while 
09 from IC24 gives a 64us pulse 
width. 

The oscilloscope waveforms in 
Fig.4 show the line sync pulses (top 
trace) and the frame sync pulse (bot- 
tom trace). The centre trace is actu- 
ally a horizontal line for the grat- 
icule. Note that it occupies an entire 
line height from one line sync pulse 
to another. 

1С28 is triggered by the Q13 out- 
put which occurs at eight times the 
frame frequency. This gives us a 
possible eight horizontal graticule 
lines. Unfortunately, this number 
does not result in a graticule in the 
centre of the screen. And a central 
graticule line is a very desirable os- 
cilloscope feature. 

In order to obtain this, timer IC28 
is used to delay the occurrence of 
each line so that one will actually 
be in the centre. The .047НЕ capaci- 
tor along with the 3.9kQ resistor and 
trimpot VR6 set the delay at about 
2048us. The horizontal line signal 
from 1C28 is inverted and clocked 
through IC27b for a horizontal line 
signal which is locked into the line 
sync pulse. 

The horizontal graticule line is 
also buffered by Q9 before being ap- 
plied to the blue gun input of the 
monitor. 

This completes the circuit descrip- 
tion. Next month we will present 
the construction details of the VGA 
Oscilloscope. sc 
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For many audio enthusiasts, Mosfets 
rule supreme and Hitachi Mosfets are 
the best there are. But in the last few 
years, Exicon, a manufacturer from 
England, has appeared on the scene 
with a range of plastic power Mosfets. 
This new design features these plastic 
devices which are rated at 20 amps, 
200V and 125W. Eight of these de- 
vices — ie, four Exicon ECX10P20 p- 
channel and four ECX10N20 n-chan- 
nel — are used in this amplifier mod- 
ule. 

As the graphs of Fig.1 & Fig.2 dem- 
onstrate, the amplifier module will 
deliver just over 200 watts into an 8Q 
load or just over 350 watts into a 40 
load, at the onset of clipping. The 
onset of clipping is where the har- 
monic distortion graph suddenly be- 
comes almost vertical. 

While we're talking about perform- 
ance graphs, we might as well refer to 
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Rugged Mosfet 
Audio Amplifier 
Module 


Want a big powerful amplifier module based on 
Mosfets? This one uses eight plastic Mosfets to 


a few more. Fig.3 shows the frequency 
response which is 0.7dB down at 10Hz 
and 20kHz. While it is just off the 
graph, the -3dB point is at 54kHz. 

Fig.4 shows the harmonic distor- 
tion versus frequency for the power 
amplifier module when delivering 250 
watts into a 4Q load. Fig.5 shows har- 
monic distortion versus frequency at 
150 watts into an 8Q load. As these 
graphs show, the performance is quite 
respectable. 

The amplifier module is also very 
quiet, which is as it should be for any 
modern design. We measured a sig- 
nal-to-noise ratio of 117dB unweighted 
(22Hz to 22kHz) and 123dB A-weight- 
ed with respect to full power into an 
80 load. 

The PC board is designed so that 
the eight Mosfet power devices are 
mounted onto a heatsink angle bracket 
which then mounts on a large finned 
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deliver just over 200 watts into an 89 load and a 
whisker over 350 watts into а 4O load - just the 
ticket for heavy duty amplification. 


heatsink as part of the amplifier chas- 
sis, Our photos show only the heatsink 
bracket. The amplifier must not be 
operated without a larger heatsink as 
it will rapidly overheat. 


Circuit description 

Fig.6 shows the circuit diagram. 
This amplifier is unlike most direct- 
coupled circuits in that it has three 
differential stages to give it high open- 
loop gain before negative feedback is 
applied. 

Two BC546 NPN transistors, Q4 & 
Q5, form the differential input stage 
and their operating current is set by 
the constant current source, Q7. 

The signals at the collectors of Q4 
and Q5 are then fed into the voltage 
gain stage which comprises Q1, Q2, 
Оз, 06. Q8, 09 and associated com- 
ponents. This can best be described as 
a "double differential pair with cur- 


rent mirror load”. This stage works as 
follows. PNP transistors Q2 and Q3 
form the first differential pair with R8 
as the common emitter resistor. The 
output of Q2, Q3 provide differential 
drive to NPN transistors Q6 & Q8. The 
collector load for these two transis- 
tors is provided by the current mirror 
transistors Q1 & Q9. 

The current mirror ensures equal 
current sharing in the associated dif- 
ferential pair and thereby provides 
high gain and good linearity. 

Finally, we come to the power out- 
put stage which is the business end of 
the amplifier; it employs the eight 
Mosfets mentioned earlier. These are 
connected as complementary source- 
followers which means that they be- 
have in a similar way to emitter fol- 
lowers — their voltage gain is a little 
less than unity but they have oodles of 
current gain, In effect, the Mosfets act 


as a buffer stage for the amplifier, trans- 
forming the voltage drive from the 
earlier stages to a low impedance out- 
put which can deliver a great deal of 
power — 350 watts in fact! 

The signal at the collectors of Q8 
and Q9 (ignore VR1 for the moment) 
is applied to the gates of the paral- 


leled Mosfets, via the 390Q resistors. 
As the signal rises towards the posi- 
tive rail, the top Mosfets (10N20's) 
start to conduct, allowing current to 
flow to the load. Conversely when the 
signal goes towards the negative rail, 
the bottom Mosfets (10P20's) conduct, 
pulling current out of the load. 


Performance 


Output power ..... 
Frequency response .... 


Input sensitivity .. 


Harmonic distortion і.. 


Signal to noise ratio .. 


-..200 watts into 80; 350 watts into 40. 
-.."0.7dB down at 10Hz and 20kHz (see Fig.3) 
1.7V RMS (for 200 watts into 8Q) 

...less than .01% (see Figs.1 & 2) 

-.. 117dB unweighted (22Hz to 22kHz); 123dB 


A-weighted with respect to full power into 80 


Stability .... 


... unconditional 
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Fig.1: total harmonic distortion versus power into an 80. 
load. Power at the onset of clipping is 212W. 


Fig.2: total harmonic distortion versus power into a 4Q 
load. Power at the onset of clipping is 353W. 
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Fig.3: frequency response of ће amplifier. While it is just 
off the graph, the upper -3dB point is at 54kHz. 
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Fig.5: total harmonic distortion versus frequency at 150W 
into an 8Q load. 


The 3900 gate resistors are there to act as “stoppers” 
for the Mosfets. They act in conjunction with the high 
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Fig.4: total harmonic distortion versus frequency for the 
amplifier module when delivering 250W into а 40 load. 


gate capacitance of the Mosfets to reduce their gain at 
very high frequencies. This prevents the tendency of 
Mosfets to “parasitic oscillation” which is typically mani- 
fested as bursts of high frequency oscillation (typically at 
10MHz or higher) superimposed on the audio signal. 

Sometimes parasitic oscillation in Mosfets can be at 
such а high frequency that it will not be seen on typical 
20MHz oscilloscopes; 100MHz or higher bandwidth 
Scopes are necessary to show it. 

However, even though it may be invisible on a typical 
oscilloscope, it is most important to stop it happening 
because paradoxically, even though it is at such a high 
frequency, it will cause the harmonic distortion to be 
much higher than it otherwise would be and the ampli- 
fier will sound unpleasant as a result. Anyhow, that's 
why the stoppers are included. 

Capacitors C16-C19 are included to match the input 
capacitance of the n-channel devices to that of the p- 
channel types. This improves the gain linearity at high. 
audio frequencies. 

The 0.220 5W resistors in series with the source of 
each Mosfet are there to provide a degree of local negative 


feedback and to help improve the cur- 
rent sharing between devices. 

Trimpot VR1 is connected between 
the collectors of Q9 and Q8 and is 
there is provide a voltage offset be- 
tween the gates of the n-channel de- 
vices at the top and the p-channel 
devices below. This voltage offset be- 
comes a forward bias which turns on 
the Mosfets slightly in the absence of 
any audio signal. This quiescent (ie, 
no signal) bias is necessary to operate 
the Mosfets in the more linear region 
of their transfer curve and thus re- 
duces crossover distortion. 

Zener diodes ZD1 & ZD2 and di- 
odes D3 & D4 protect the gates of the 
Mosfets from overdrive. The zeners 
and diodes clamp the drive voltage 
between gate and source of each 
Mosfet to a maximum of about +12.7V. 
Since the Mosfets act as source-fol- 
lowers you might wonder how the 
gate voltage could go this high. Nor- 
mally, the peak current (at full power 
intoa 4Q load) would be no more than 
about 3-4A. Since the transconduct- 
ance ofthese Mosfets is about 1 Siemen 
or 1V/A, then the gate-source voltage 
can be expected to rise to no more 
than about 4V or so under normal 
drive. So how could the gate voltage 
ever rise much above this figure? 

The answer is that the gate drive 
becomes excessive when the load of 
the amplifier is short-circuited and it 
is being driven hard. Under these con- 
ditions, the gate voltage to the Mosfets 
could easily rise above 20 volts. How- 
ever, the zener diodes do not provide 
short-circuit protection to the ampli- 
fier. That is provided solely by the 
fuses. The Mosfets are rugged enough 
to withstand short circuits until the 
fuses blow. 

Negative feedback is applied from 
the output of the amplifier, via R21, a 
22kQ resistor, to the base of Q5, part of 
the first differential pair. The AC gain 
is set by the ratio of the 22kQ and 1kQ 
resistors at the base of Q5 and this 
gives a value of 23. The resulting in- 
put sensitivity of the amplifier is 1.7V 
RMS for 200 watts into 80 and 1.6V 
RMS for 350 watts into 4Q. 

The low frequency response of the 
amplifier is set by two time-constants. 
The first is made up of the 1uF input 
capacitor C1 and the 47kQ input bias 
resistor R3, giving a -3dB point of 
3.8Hz. The second time-constant is 
provided by the 1kO feedback resistor. 
R19 and the 100uF capacitor C8, giv- 
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350W MOSFET AMPLIFIER 


Fig.6: this power amplifier is unlike most direct-coupled circuits in that it has 
three differential stages to give it high open-loop gain before negative feedback 
is applied. 
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Fig.7: this diagram shows a suggested power supply for the amplifier. The 


power transformer is rated at 500VA. 


ing a -3dB point of 1.6Hz. Combined, 
they result in a response which is 
only -0.7dB at 10Hz. 

Atthe high frequency end, the main 
determinant of the response is the 
double time-constant provided by the 
input network consisting of R4, R5, 
C2 & C3 which produce a rolloff above 
80kHz. Other factors affecting the high 
frequency response are the 10pF ca- 
pacitor shunting the feedback resistor 
R21 and the output coupling network 
consisting of R30, R31, L1 & C10. The 
latter network is included to ensure 
stability of the amplifier under reac- 
tive load conditions. 


Power supply 

And now a few words about the 
power supply. 

Ideally, you need a supply which 
can deliver over 300 watts if you are 
using an 80 load and almost 600 watts 
if you are using a 4Q load. A good 
compromise is to use a 500VA trans- 
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former and six 10,000uF capacitors, 
as shown in Fig.7. 

Note that the DC supply rails are 
+70V, a total of 140V between rails. 
This is a potentially lethal voltage so 
be very careful when making meas- 
urements around the circuit! 


Construction 

As supplied in the kit from Altron- 
ics, the PC board has a solder mask 
and screen printed component over- 
lay, to make assembly straightforward. 
The component overlay diagram is 
shown in Fig.8. 

Start construction by fitting the PC 
pins and the resistors, then install the 
diodes, capacitors and small signal 
transistors. Watch the orientation of 
the electrolytic capacitors, diodes and 
transistors. Don't confuse the 1N914s 
and 12V zener diodes. 

Mount the 5W resistors about 3mm. 
off the PC board, just in case they get 
hot. Choke L1 is wound with 20.5 


RESISTOR COLOUR CODES 


4-Band Code (5%) 

yellow violet yellow gold 
yellow violet orange gold 
red red orange gold 
yellow violet red gold 
orange orange red gold 
brown black red gold 
yellow violet brown gold 
orange white brown gold 
red violet brown gold 
brown green brown gold 
brown black brown gold 
brown black black gold 
yellow violet gold gold 
brown black gold gold 
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turns of 0.8mm enamelled copper wire 
onto a 14mm plastic former. Once it is 
wound, scrape the enamel off the wire 
ends and then tin them with solder 
before installing the choke on the 
board. 

When installing the fuse clips, take 
note of their little lugs which should 
be on the outside ends of the fuse. 


Heatsink bracket 


The next task is to assemble the 
MJE340 and MJE350 transistors onto 
the heatsink bracket. A total of six 
transistors need to be mounted. If you 
hold the bracket so that it’s facing you, 
three MJE350s (Q2, Q3, Q1) are 
mounted on the left, then the two 
MJE340s (Q6, Q8) and then another 
MJE350 (Q9). It is most important not 
to mix them up, 

We should also make a note about 
the brand of MJE340s and 350s. As we 
have stated in the past, Motorola de- 
vices are the best. Other brands will 
work but they are nowhere near as 
good, giving rise to less power output 
and higher distortion. 

Fig.9 shows the details of how each 
MJE340 and MJE350 is mounted to 
the heatsink bracket. You сап use mica 
washers and heatsink compound for 
each transistor or use silicone impreg- 
nated thermal washers, Do not 
overtighten the mounting screws. 

When all six TO-220 transistors are 
mounted on the bracket, it can be in- 
stalled on the PC board and the tran- 
sistor leads soldered. 

An easier method is used to secure 
the power Mosfets to their heatsink 
bracket. Spring clips are used to clamp 


5-Band Code (1%) 

yellow violet black orange brown 
yellow violet black red brown 
red red black red brown 

yellow violet black brown brown 
orange orange black brown brown 
brown black black brown brown 
yellow violet black black brown 
orange white black black brown 
red violet black black brown 
brown green black black brown 
brown black black black brown 
brown black black gold brown 
yellow violet black silver brown 
brown black black silver brown 
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Fig.8: the parts overlay for the PC board. Note that the 5W resistors should be 
spaced 3mm off the board. Take care to ensure that all polarised parts are 


correctly oriented. 


adjacent transistors. The screw which 
retains the spring clip also secures the 
heatsink bracket to the PC board. A 
cross-section diagram of the mount- 
ing is shown in Fig.10. 

All eight Mosfets are soldered to 
the PC board first, making sure that 
there is about 8mm of lead length 
above the board. This allows them to 


be bent over without placing too much 
strain on the leads. When the eight 
Mosfets are soldered in place, the 
heatsink bracket and spring clips can 
be assembled together. Do not forget 
to use a mica washer and heatsink 
compound for each device. 

Place a spring clip over two Mosfets 
and then, using a 4mm screw from 


PARTS LIST 

1 PC board, code PEDK5180, 
205 x 97mm 

4 ЗАО fuse clips 

2 БА ЗАО fuses 

1 large heatsink bracket 

1 large single sided heatsink 

1 small heatsink bracket 

8 TO-3P mica insulating washers 

6 TO-220 mica insulating 
washers 

4 transistor mounting clips 

7 PC pins 

1 plastic bobbin 

1 1.2m length of 0.8mm 
enamelled copper wire 

1 2000 horizontal trimpot (VR1) 


Semiconductors 

4 ECX10N20 n-channel Mosfets 
(Q12,Q13,Q14,Q15) 

4 ECX10P20 p-channel Mosfets 
(Q10,Q11,Q16,Q17) 

4 MJE350 PNP driver transistors 
(Q1-Q3,Q9) 

2 MJE340 NPN driver transistors 
(06,08) 

3 ВС546 NPN transistors 
(04,05,07) 

4 1N914, 1М4148 signal diodes 
(01-04) 

2 12V 400тУ zener diodes 
(201,202) 


Capacitors 

2 100uF 160VW electrolytic 
1 ТООЦ 25VW electrolytic 

1 1uF 63VW electrolytic. 

1 0.22uF metallised polyester 
2 .047uF monolithic 

1 .001uF greencap 

1 470pF disc ceramic 

1 330pF disc ceramic 

1 220pF disc ceramic 

4 22pF disc ceramic 

1 10pF disc ceramic 


Resistors (0.25W, 595) 


1470kQ 83900 
247kQ 22700 
422kQ 11500 
14.7kQ 41000 
13.3kQ 1100 
21kQ 14.701W 
24700 1101W 
80.220 5W wirewound 


4 zero-ohm links 
2 1000 5W (for biasing setup) 
Miscellaneous 


Screws, nuts, washers, solder, 
heatsink compound. 
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under the board, secure it to the 
heatsink bracket. The screw for each 
clip should be fully tightened; the 
beauty of these spring clips is that you 
cannot apply too much force to the 
Mosfets. 

Make sure that all devices are insu- 
lated from the heatsink bracket. Check 
that all six TO-220 devices are insu- 
lated from their heatsink bracket as 
well. 

Now check over all your assembly 


ALUMINIUM. 
HEATSINK 


work, making sure that the compo- 
nent installed in each position agrees 
with that on Fig.8. 


Setting up and testing 

You will need a power supply (see 
Fig.7), a multimeter and a small screw- 
driver to set up the module. 

Remove the two fuses and solder a 
1002 5W wirewound resistor across 
each fuseholder. Rotate trimpot RV1 
fully anticlockwise. This setting will 
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result in the minimum quiescent cur- 
rent through the output stage. Con- 
nect the +70V supply rails and ground 
to the board. Don’t connect a signal or 
a load at this stage. 

Set your multimeter to DC volts and 
connect it across one of the 1000 re- 
sistors on the fuse clips. Now switch 
on. No smoke? Good! If all is not well, 
switch off immediately! 

Assuming no smoke, measure the 
voltage across the 100Q fuse clip re- 


CLAMPING 
Ені 78 — "SPRING 


Fig.9: here's how the six TO-220 transistors are 
mounted on the heatsink bracket. You can use mica 
washers and heatsink compound for each transistor 
or silicone impregnated thermal washers. 


Fig.10: this diagram shows the mounting details 
for the power Mosfets. Spring clips are used to 
clamp adjacent transistors. 
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Kit Availability 
The design copyright for this 
project is owned by Altronics in 
Perth. They can supply a com- 


plete kit for the amplifier module, 
heatsinks, chassis and power 
supply components. The ampli- 
fier module is priced at $189. 
(Cat K-5180). 


sistor. It should be quite low, about 1V 
or so. Now rotate trimpot RV1 anti- 
clockwise until the meter reads about 
7V. This means that the output state 
quiescent current is 70 milliamps. 

Now measure the voltage across the 
other 1000 fuse clip resistor; it should 
be about the same. Next, measure the 
voltage across the speaker outputs. 
The voltage can positive or negative 
but should be less than 50mV. 

Let the amplifier run in this condi- 
tion for 10 minutes or so, to let the 
bias stabilise, Re-measure the voltage 
across the 100Q resistors and adjust 
trimpot RV1 if necessary. 

The next job is to fit the amplifier 
with a suitable heatsink and mount it 
inside a case with a cooling fan and 
power supply. You can then connect a 
loudspeaker and signal source and lis- 
ten to your heart’s content. 


Troubleshooting 


If the 1000 resistors smoked when 
power was applied, then check the 
following: 

(1). Bias pot turned wrong way (should 
be anticlockwise). 

(2). Power Mosfets transposed (N types 
with P types). 

(3). Power supply wrongly connected. 
(4). Short on underside of PC board. 
(5). Output device(s) shorted to heat- 
sink(s). 

(6). Shorted capacitor on power sup- 
ply (check greencaps and electro- 
lytics). 

If the current is unstable (ie, jumps 
all over the place), or the sound us 
crackly or hissy, then the amplifier is 
possibly unstable. Check the follow- 
ing: 

(1). Wrong values of resistors in the 
signal section (check them all). 

(2). Ceramic capacitors are incorrect 
value. 

(3). Earth or ground connoction miss- 
ing. 

(4). Mosfet shorted to heatsink. sc 
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WATCH 


The spectacular failure ofthe first flight ofthe 
Ariane5launcheron]June 5th proved just how 


vulnerable new launch technology can be. The 


accidentis the worst in European space history, 


witha total estimated loss of US$500 million. 


Despite the loss, industry experts 
expect the long term effect on Ariane- 
space will be small. Flight V501 was 
conducted by the European and French 
space agencies and carried four Cluster 
magnetospheric research satellites. 

The successful launch of Palapa C2 
on May 15 promises to breathe new life 
into Indonesia’s satellite system. The 
C1 satellite, suffering some kind of 
power problem, presently radiates ver- 
tically polarised signals atamuch lower 
level than was anticipated. The C2 sat- 
ellite, observed ina test location of 124° 
E longitude during June, is destined to 
replace C1 as early as July at 113° E. 
ASIASAT 2-100.5° E longitude: the 5- 
channel European bouquet of chan- 
nels, marketed under the Deutsche 
Welle banner, began operation in late 
May. However, changes to the bitstream 
made in June, allowed the first recep- 
tion on domestic MPEG 2 equipment. 
Presently, three of the five channels are 
operational, providing broadcasts from 
Germany, Spain and France. Yet to 
come on line are MCM (France) and Rai 
International (Italy). MPEG 2 decoders 
should be available by the end of July. 


These three screen shots are from the new 5-channel European service carried by Asiasat 2. 
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Meanwhile, several more analog sig- 
nals have become available on this sat- 
ellite at 1310MHz and 1425MHz IF. 
Both signals are broadcast in Mandarin. 

Releasing expansion plans, Asiasat 
advise that their AS 3 satellite, carrying 
higher power transponders on both C 
and K band, will increase coverage by 
16%. The satellite will be located at the 
same location as Asiasat 1 (105.5° E) 
which will be relocated to 122° E. 
PALAPA C1 - 113° E longitude: al- 
though some improvement in signals 
levels of vertically polarised transpond- 
ers has been reported by enthusiasts in 
Australia and New Zealand, levels are 
still below those originally predicted. 
The replacement of this satellite some- 
time in July should result in greatly 
improved signal levels. Itis anticipated 
that parallel programming will operate 
on the C1 and C2 satellites for a few 
months after C2 location. 

JCSAT 3 - 128° E longitude: after 
months of testing, Japan's newest DTH 
operator “PerfecTV” commenced an 
initial subscription drive in Japan. 
Whilst designed only to be received in 
Japan, the hardware cost for the 70- 
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channel service is around US$700 and 
a three month free trial period will run 
from June to September. PerfecTV is a 
joint venture between Itochu Corp, 
Mitsui & Co. Ltd, Nissho Iwai Corp and 
Sumitomo Corporation. 

Japan Satellite Systems has also or- 
dereda 4th satellite from Hughes Space 
and Communications. JCSAT4 will bea 
HS601 satellite, similar to JCSAT3 and 
will carry data, voice and television 
signals to Japan and will be equipped 
with multiple beams covering India, 
Australia and New Zealand. The East- 
ern beam will cover Hawaii. 

JCSAT1, which commenced opera- 
tions in April 1989, will be retired in 
August this year, after the discovery of. 
a fuel leak in March. The leak means 
that the satellite will be retired two years 
earlier than planned. As a temporary 
measure, JCSAT4 will be moved to 150 
E longitude, the same orbital location as 
JCSAT1, to ensure that there is no serv- 
ice interruption. JCSAT1 is presently 
used for DTH broadcasting, news gath- 
ering services, VSAT, CATV and vehi- 
cle tracking operations. 

GORIZONT 41 — 130° E longitude: Raj 


TV continues to be the only trans- 
ponder viewable in Australia from this 
satellite. A 1.8-metre dish is sufficient 
fornoise free reception anywhere along 
the east coast. The IF is 1465MHz and 
the polarisation is lefthand circular. 
GORIZONT 42 - 142.5° E longitude: the 
latest channel to commence operations 
on this satellite is Indian broadcaster's 
"Global TV" adult channel, Channel 21. 
The nature of the programming and the 
type (if any) of encryption remains un- 
known. Typically, broadcasters will 
operate for several months “free to air” 
before offering subscriptions. 

This brings the number of signals 
that can be seen across Australia from 
this satellite to three: EM TV New 
Guinea, Asia Music/Zee Education and 
Global TV. The IF for the global service 
is 1375MHz. All services operate 
lefthand circular polarisation. 
PANAMSAT PAS-2 - 169° E longitude: 
July 1 saw the introduction of a new 
analog service on this satellite. Located 
at IF 965MHz, “The Value Channel" 
operates in NTSC and will remain 
unencrypted for the foreseeable future. 
The broadcaster offers domestic view- 
ers the opportunity to purchase goods 
by telephone, using a credit card. For 
domestic viewers on the east coast of 
Australia, a 3-metre dish is recom- 
mended. 

As part of the Panamsat upgrade to a 
DVB-compliant MPEG platform, a 
number of broadcasters, previously 
operating in the proprietary Scientific 
Atlanta MPEG 1.5 standard (such as 
CMT, ANB, CTN and CNBC) have been 
relocated to allow simultaneous opera- 
tions in both MPEG1.5 and MPEG2. 
The 1.5 services were scheduled for 
deletion on June 30, subject to comple- 
tion ofthe rollout ofreplacement D9223 
IRDs. The new IFs for those broad- 
casters are: CMT, ESPN-2, BBC World, 
Bloomberg TV, 1249MHz horizontal and 
CNBC 1057MHz vertical. 

INTELSAT 511 - 180° E longitude: this 
satellite is scheduled to be changed to 
Intelsat 701 (presently located at 174° 
E), operating in geostationary orbit, in 
late 1996. This will eliminate the need 
for the autotracking equipment now 
required for Intelsat 511. In recent 
months, there has been an increase in 
the number of broadcasters testing 
MPEG circuits on this satellite. sc 


*Garry Cratt is Managing Director of 
Av-Comm Pty Ltd, suppliers of satellite TV 
reception systems. 


eee жен кен кән жен көн жән жән 


SILICON CHIP BINDERS 


These beautifully-made binders will protect your copies of SILICON 
CHIP. They feature heavy-board covers and are made from a 
distinctive 2-tone green vinyl that will look great on your bookshelf. 


* High quality. 
* Hold up to 14 issues (12 issues plus catalogs) 
* 80mm internal width. 


* SILICON CHIP logo printed in gold-coloured lettering on the 
spine & cover. 


Yes! Please send me SILICON CHIP binder(s) at 5414.95 each 
(incl. postage in Australia). NZ & PNG orders please add $5 each for 
postage. Not available elsewhere. 

Enclosed is my cheque/money order for $. or please debit my 
GBankcard — ClVisaCard О МаѕіегСага 

Card No. L Е 227608) 
Signature. Card expiry date. / 

Мате 

Street 

Suburb/town Postcode 


SILICON CHIP PUBLICATIONS 
PO Box 139, Collaroy Beach, NSW 2097, Australia. 
Phone (02) 9979 5644 Fax: (02) 9979 6503. 


AUGUST 1996 


! 


39 


SERVICEMAN'S LOG 


How many symptoms from one fault? 


I believe it was Henry Ford who made the 
profound (?) statement that “history is bunk”. 
But someone else, whose name escapes me, 
made the rather more realistic statement that 
“he who ignores history will be made to relive 


history”. 


What has all that to do with servic- 
ing TV sets? Well, it turned out to be 
singularly appropriate in regard to the 
story I'm about to relate, though I doubt 
whether either of the aforementioned 
philosophers was thinking of anything 
so trivial (to them) as TV servicing. 

It all started with a Teac CT-M515S 
colour TV set, a 51cm model about 
three years old and featuring stereo 
sound, Teletext, and remote control. 
The owner's complaint was straight- 
forward enough; it was completely 
dead. And so it appeared to be at 
switch-on — no sound, no picture and 
no light on the screen. 

Until I advanced the brightness con- 
trol, that is. Then the real symptom 
became obvious. There was no verti- 
cal deflection, the set displaying the 
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classic thin bright line across the cen- 
tre of the screen. 

A routine voltage check immedi- 
ately produced a vital clue — there 
was no 12V rail. The 12V rail is de- 
rived from pin 4 of the horizontal 
output transformer (T402) via a 0.680 
fusible resistor (R423), diode D404, a 
6.20 3W resistor (R422), zener diode 
ZD402, and a 1000рЕ filter capacitor 
(C421). 

The immediate cause of the supply 
rail failure was ZD402, which had 
broken down and taken out R422. But 
that was not all. The vertical output 
IC (IC401 - TDA2653B) had also been 
destroyed. Which had come first and 
destroyed which? There were no clues 
on this but I regarded it as of second- 
ary importance anyway. More to the 


Fig.1: part of the horizontal output circuit in the Teac CT-M515S colour TV 
set, A 12V rail is derived from pin 4 of the horizontal output transformer, 
via 0.68Q fusible resistor R423, diode D404, 6.2Q resistor R422, zener 
diode ZD402, and 10001Е filter capacitor C421. 
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point, replacing those three compo- 
nents was all that was needed to get 
the set working again. 

And it worked very well. I gave it a 
thorough once-over, made some mi- 
nor setting-up adjustments, let it run 
for a couple of days, and then re- 
turned it to the customer, And that 
should have been the end of the story. 


Here we go again 

It wasn't, of course. A month went 
by and the set was back in the shop. 
Well, that was bad enough but the 
really nasty part was that it was the 
same components which had failed. 
Which meant that I had treated only 
the symptoms, not the cause. And I 
had to find the cause. 

I replaced all the damaged compo- 
nents again (it was becoming a costly 
exercise) and the set came back to life. 
But of course I couldn't leave it at 
that; I had to find what caused all this 
destruction. 

In general terms, I suspected an 
over-voltage condition of some kind, 
either high amplitude short term, or 
lower amplitude continuously. I 
couldn't do much about checking for 
the former but at least I could check 
the latter. 

So Imade a complete voltage check, 
looking for any values which were 
even marginally high. This achieved 
nothing directly; all values were vir- 
tually spot on. 

But it did help indirectly, even 
though I did the right thing for — ini- 
tially — the wrong reason. While mak- 
ing these checks, I paid particular at- 
tention to the high tension rail. This 
rail is derived from pin 5 of the 
switchmode transformer (T901) via 
D904 and normally sits at 113V, as 
measured at test point TPB+. 

However, between diode D904 and 
TPB+ there is a network of three tran- 
sistors: Q907 which is directly in the 
HT rail line, Q906 which controls 
Q907, and Q905 which controls Q906. 
I didn't recognise this network imme- 


diately. I assumed it was a voltage 
regulator and, on this basis, wondered 
whether a fault here could have been 
responsible, 

I was clutching at straws but de- 
cided to check all three transistors. 
And I struck oil! Q907 was short cir- 
cuit. But gratifying though this was, it 
didn’t altogether make sense. If it had 
ceased to function as a voltage regula- 
tor, why did the rail still measure 
113V? Why hadn't it gone high? 

I took another look at the network 
and realised my mistake. It wasn’t a 
voltage regulator at all. Instead, it was 
a switching network, used to switch 
the set on and off via the remote con- 
trol system. 

In greater detail, the switchmode 
supply runs continuously while ever 
the mains supply is on. The remote 
control switches Q905 which in turn 
switches Q906 and ultimately Q907 
in the HT rail to turn the set on and 
off. In addition, the remote control 
switches various signal paths. 

It would be no problem to replace 
the transistor but would this bring me 
any closer to the real problem? Well, 
it did. Deep down in the brain cells, 
something stirred. Mr Ford's dispar- 
aged history was proving to be any- 
thing but "bunk". Rather, a whole lot 
of historical bits were coming together. 
So much so that I began deriding my- 
self for not realising sooner what might 
be wrong. 

Iwentstraightto C909,a 47uF 25 VW 
electrolytic on the base of switching 
transistor Q904 in the power supply, 
and reefed it out. I replaced it with a 
high temperature, higher voltage type 
and modified the mounting somewhat 
to keep it as clear as possible from 
heat sources. 


Been there, done that 


So what was the connection? This 
switchmode power supply is virtu- 
ally identical to one produced by Sie- 
mens many years ago — almost back to 
the beginning of colour TV in Aus- 
tralia — and which has been used by 
many manufacturers since then. It was 
used in some early HMV receivers 
(C211, C221 series, etc) and more re- 
cently in the Fujitsu-General FT-1411 
and FT-2011 receivers and the Sanyo 
CTP6626, among others. 

And it was memories of the Fujitsu- 
General FT-1411 which stirred first. It 
all happened many years ago and, 
what with my memory cells being 
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somewhat sluggish these days, I had 
completely forgotten it. But as I recall 
itnow, the complaint was that it could 
not be switched off properly via the 
remote control. 

And I use the customer’s term 
“properly” because, while there was 
no picture, there was still a raster on 
the screen; ie, full line structure but 
no video. It looked a simple enough 
problem initially. The setup was al- 
most identical with that of the Teac — 
a transistor (Q606) in the HT rail 
(109V), controlled in turn by Q605 
and Q608, the latter fed from the re- 
mote control system. And Q606 had 
gone short circuit. (As an aside, Q606 
was a type 2SC2335, which is the 


Fig.2: the switchmode power supply in the Teac CT-M515S. The HT rail 
comes off pin 5 and goes to switching resistor Q907 at top right. C909 is 
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same type ав 0906 used in the Teac). 

Anyway, the problem was easily 
fixed - a new 25С2335 and the set 
was back to normal. The trouble was, 
the set bounced. I thought it was just 
bad luck the first time but when it 
bounced again I knew I was in strife. 

I won't bore the reader with all the 
details as to how I finally cracked it 
but, as I recall, it was a combination of 
good luck and some physical evidence. 
The physical evidence was signs of 
corrosion around two electrolytics in 
the power supply, C607 and C620, 
both 100uF/25V. They were connected 
in series to give 50uF and fed the base 
of the switching transistor, Q604, in 
the same manner as C909 in the Teac. 
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I can't explain the reason for the 
series arrangement. If it was to in- 
crease the voltage rating, it wasn't a 
very good effort; there was no resistor 
network to equalise the voltage distri- 
bution. Anyway, I substituted a 47ДЕ 
capacitor with a higher voltage rating 
and a high temperature rating and 
that finally solved that problem. 

Then there was the Sanyo CTP6626 
which uses an 80P chassis (or more 
correctly, there were several sets with 
the 80P chassis). And, once again, 
this uses what is virtually a Siemens 
type switchmode power supply. In 
fact, this story goes back even further 
and would have been my first en- 
counter with this particular fault. 

In this case, however, the story of 
one fault is essentially the story of 
them all. Apart from minor variations 
(some sets were intermittent), they all 
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produced the same symptoms from 
the same fault. It was real beaut at the 
time because I quickly learned to han- 
dle the situation. But it did little to 
prepare me for the variations on the 
theme which occurred in the Fujitsu- 
General and the Teac several years 
later. 

In essence, the problem presented 
itself as a destroyed horizontal output 
transistor (Q451), caused by a dra- 
matic rise in the main HT rail due, in 
turn, to the failure of capacitor C314. 
C314 was a 47ДЕ electrolytic capaci- 
tor in the power supply and fed the 
base of the switching transistor (Q304). 
And, in some cases, Q304 would also 
be destroyed. 

Replacing the faulty transistors and 
substituting a high temperature elec- 
trolytic, mounted as far away as pos- 
sible from any sources of heat, was all 


that was needed to put the sets back 
in operation and minimise the recur- 
rence of the fault. 

Which is pretty much where we 
came in. And, no Mr Ford, history 
isn't bunk; it's a very good teacher. 


The money-hungry customer 


My next story, as fate would have it, 
is also about a Sanyo TV set: a fairly 
old set, a model CCC-3000, a 34cm 
"Cosmo" portable, using an 80P chas- 
sis and, yes, the same Siemens type 
power supply. But the story is just 
about as far removed from the power 
supply problems as it could be. 

The customer was a European gen- 
tleman with only a limited grasp of 
English. But his grasp of money mat- 
ters suffered no such limitation; he 
was as sharp as they come. So this 
story is nearly as much about cus- 
tomer relations, charges and the eter- 
nal problem of quotes, as it is about 
technical problems. Inevitably, of 
course, the two are interwoven. 

The basic problem was simple; the 
set had been dropped. Not particu- 
larly hard apparently — there was no 
obvious external damage — but enough 
to put it out of action. 

Right from the start, and simply on 
the basis that the set had been 
dropped, the gentleman wanted me to 
quote him to repair it. As a basic rule, 
I don't quote for repairs and certainly 
not on the basis of such vague infor- 
mation. I will try to assess a particular 
situation, based on the best available 
evidence, but at best this is a guest- 
imation. There must inevitably be a 
number of "ifs" and "buts" included 
in such an assessment. 

As a colleague once put it, “you 
don't really know what a job is going 
to cost until it's finished — and it's a 
bit late then to quote for it." An exag- 
geration? Perhaps, but there is lot of 
truth in that too. 

Anyway, I explained that could not 
quote him for the job and set out some 
of the reasons. I told him I charged so 
much an hour for labour, plus the cost 
of any components which had to be 
replaced. The best I could do was 
switch the set on and try to assess 
how much damage had been done 
and, therefore what kind of cost might 
be involved. And, as I pointed out to 
him, I didn't even know whether the 
picture tube was still working. 

This didn't seem to make much 
impression but I switched the set on 
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Fig.3: the switchmode power supply in the Sanyo 80P chassis. It's similarity 
to the Teac supply is evident, both being based on an early Siemens circuit. 
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anyway. The result was more promis- 
ing than I had expected. The sound 
came up immediately and, as the tube 
warmed up, there was some signs of 
life on the screen —a bright horizontal 
line. Well, this meant that the tube 
was intact, the power supply was 
working, and the horizontal output 
stage was working. In fact, most of the 
vital parts were working except the 
vertical output stage. 

On this basis, I told him that I 
thought the most likely fault was a 
cracked board. I couldn’t say how se- 
rious this might be. It might be possi- 
ble to repair it or, if it was too badly 
damaged, the only alternative would 
be to replace it — assuming a replace- 
ment was available and the cost could 
be justified. 

My most favourable assessment, 
therefore, was that it would involveat 
least two hours work. And that as- 
sumed that no components had to be 
replaced, which I felt was a fair bet. 

That still wasn't good enough; he 
insisted that I open the set, on the 
spot, determine the exact nature of 
the damage, and give him a firm quote 
for a repair. I was equally insistent 
that this was out of the question and 
that the situation was not negotiable; 
take it or leave it. 

He hummed and hawed about this 
but we finally reached a compromise. 
I agreed to quote him for two hours 
labour. If the job was going to cost 


more than that I was to contact him 
and give him the choice of either go- 
ing ahead with the job or aborting it, 
in which case there would be no 
charge. 


I wasn't particularly happy with 
this arrangement but felt fairly confi- 
dent that I could work within it. So it 
was on to the bench and off with the 
back. My immediate impression was 
that it had obviously spent most of its 
life near the ocean, because there was 
considerable corrosion on the metal 
parts. 

But I was looking for cracks. There 
was nothing immediately obvious and 
Iremoved the main board for a closer 
inspection. The high risk areas would 
be near the horizontal transformer and 
where the board is supported by the 
cabinet. 

And this was where I found it; from 
the transformer to the edge of the 
board. It was a very fine crack, about 
10cm long, and not at all easy to see. 
In fact, I suspected that at least some 
of the copper tracks were still be func- 
tioning, though obviously not very 
reliably. 

Anyway, it looked like a fairly 
straightforward job, despite the fact 
that a number of tracks were broken. 
There was a fair amount of work in- 
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volved in cleaning the board of dust 
and grime, plus the original green var- 
nish, until I was back to bright copper. 
Then it was simply a matter of flow- 
ing solder over the breaks. 

Sometimes, ifa crack is bad enough, 
I fit a wire bridge but I didn’t consider 
it necessary in this case. In fact, the 
end result was very satisfactory, both 
visually and mechanically. 


The big test 


Unfortunately, when I switched 
it on, the result wasn't satisfac- 
tory at all; the vertical deflection 
stage was still not working. My 
first reaction was to suspect that a 
supply rail had been lost, perhaps 
because of a crack I had missed. 

I pulled out the circuit diagram 
and began checking all the rails 
which, at least at their starting 
points, appeared to be correct. So 
I began tracing them. And, since I 
don’t like running a set for long 
periods with a fault like this, I 
would switch it on briefly, check 
a voltage, then switch off while I 
lined up another check point. 

Then suddenly, when I switch- 
ed the set on, the white line had 
vanished. And not because I'd 
cured the fault but because the set 
was now completely dead. This 
was a really revolting develop- 
ment; instead of finding the fault I 
had seemingly created another 
one. 

I went over the board again, 
looking for any missed cracks, but 
drew a blank. There was still the 
full 110V on the main HT rail from the 
power supply but no secondary 
voltages from the horizontal output 
transformer. And the CRO confirmed 
that there was no horizontal activity 
of any kind; nothing at the output 
stage (Q451) and nothing at the driver 
stage (Q450). 

Further checks revealed that the 
voltage on Q450's collector was high. 
Instead of the indicated 64.7V, it was 
sitting at the full rail value of 110V. It 
was obviously turned off and the CRO 
confirmed that it was not being driven 
from pin 3 of IC401, which contains 
both the horizontal and vertical oscil- 
lators. 

So why wasn'tIC401 working? This 
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continued 


IC takes its voltage from the 110V rail 
via a 6.8kQ resistor (R410) to pin 15, 
which is marked as 12.7V. And this 
voltage was spot on. 

There wasn’t much left to suspect, 
except the IC itself, Had I destroyed it 
in some way while making tests? I 
hoped not but the only way to prove 
the point was to replace it. I pulled it 
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out and, because of possible doubts 
about my diagnosis, fitted a socket to 
the board and plugged in a replace- 
ment IC. 

And that fixed it. Not only did the 
set come back to life when switched 
on but the vertical scan had also been 
restored and we had a full picture on 
the screen. 


Unanswered questions 

All of which leaves a lot of unan- 
swered questions. If the vertical fail- 
ure was due to a fault in IC401, rather 
than the crack in the board, what had 
caused it to fail? Was the set running 
when it was dropped and was there a 
voltage surge when the copper tracks 


fractured? And why were there no 
other symptoms due to the cracks? 

Without backtracking and identify- 
ing every broken track, I can only 
guess. However, it is possible that there 
were other symptoms which were 
masked by the vertical failure. There 
may have been no video or no colour, 
for example. 

And why did IC401 then suffer a 
further failure? This may have been 
due to my test routine but I don't 
think so. Closer examination of the IC 

revealed quite a lot of corrosion 
on the pins, particularly where 
they enter the plastic body. The 
pins were firm enough mechani- 
cally but it's possible that some 
corrosion had made its way in- 
side the body. 

As à check, I refitted the origi- 
nal IC in the socket and gave it a 
bit of a bashing for good measure. 
But it was completely dead. As I 
say, these are questions for which 
Ihave no answer. 


Ungrateful customer 

More to the point, in practical 
terms, the job had now gone out- 
side the terms of the cost agree- 
ment. As well as the two-hour 
labour charge — which had been 
exceeded but which I would carry 
—the customer was now up for an 
extra $20 for the IC. 

Sticking to the agreement, I rang 
him and advised him of the situa- 
tion. More aggro; he didn’t want 
to go beyond the original labour 
charge. I refused to budge. I 
pointed out that I had kept my 
part of the agreement and it was 
up to him to keep his. And added 
the clincher — if he didn't want to 

pay the extra $20 I would put the old 
IC back in the set and he could come 
and collect it, no charge. 

That did it. Knowing that I had the 
set running on the bench but that I 
could easily disable it was too much, 
He agreed to pay the extra charge, 
albeit reluctantly. 

It was over a week before he turned 
up and during that time the set never 
faltered. But would you believe it, 
when he came to collect it, he tried to 
beat me down again. 

Ididn’t even argue with him; made 
it clear it was take it or leave it. He 
took it — and I hope I don't see it or 
him again. Some customers are really 
not worth the trouble. sc 
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*10 Amp Current «Continuity * Diode 4 x 8GA out 

i Was $14.95 


Save $5 
Cat. НС-4020 


Gold Inline Fuseholder 
Accepts both 

4GA and 8GA 

Was $12.95 Ж | 
Save $3 AM 


Cat. 52-2060 


е е ea 3 === 
|ам-1500 $24.95 |0М-1520 $34.95 ам-тз00 $49.95] OM-1540 $49.95 f QM-1320 $69.95 OM-1430 $69.95 dude LÁ 
7 “= 2x 8GA out 
Autorange 4. 5 Digit Métex оз? 2-4 506 Бү! 7 Probe Was $29.95 
“3.75 Digit = 
* Сарасйапсе e Transist *40M . Save 510 4 
e Frequency • Buzzer * с Сабет 
* Вагдгарћ «Transitor * Data Hold e includes Computer Recor = 4 Мау Fused Power Distribution 
*Holster «Data Hold ° Buzzer • Holster Interface . > Зх 4GA in, ЕРТ uu 
4 x 8GA out. 
Was $39.95 


Save $10 
Cat. 


20A Cat. SF-1970 
30A Cat. SF-1972 
40A Cat. SF-1974 
50A Cat. SF-1976 
60A Cat. SF-1978 
Were $2.20ea 


NICS 

CAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS | 

AYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS 

CAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS АСАБ R ELECTRONICS ЧАҰСАН ELECTRONICS | 
СС A N 


JAYG 


| Cat. XM-5102 


14,400 V17 FAX 
PC INTERNAL 


COMPRESSION / ERROR CORRECTION 


Includes:- «2 metre phone cable *Winfax lite, DOSfax lite 
and Comit lite for DOS and Windows interface software with 
5 hours free connect time +24 hour help. The Spirit Viper 96 is 

a fully featured high speed 28,800 bits per second (bps) fax/modem 

Ithat complies with the ITU-T V.34 modulation standard as well as 
offering full support for the now obsolete V.Fast Class mode of operation. Naturally, all 
slower ITU-T and Bell standards down to 300bps are also supported. 
Upon establishing a call the Spirit Viper 96 will automatically attempt to connect at its 


H highest speed of the modem to which it is connected. So there is no need to get 


involved in complicated setup procedures. 

You can use the Spirit Viper 96 to communicate with on line services such as the 
Internet, bulletin boards, banks, stockbrokers, your office network or many other dial- 
up services. 

The Spirit Viper 96 will send and recieve crisp, clear faxes directly from your computer 


= with the WinFax software provided. There is no need to print a document to fax it and 


you don't have to print those faxes you really did not want to receive. Simply view them 
оп screen and then delete them if you wish. Your fax software In background operation 
lets you send and receive faxes while running other applications. Scheduled fax 


S] transactions, fax broadcasting, auto redial, fax logs and automatic printing of received 


faxes are just some of the fax functions available. 
The fax function of the Spirit Viper 96 has been engineered to give support to many 
software applications and fax machine standards that are currently in use. For 


4 example, the Spirit Viper 96 wil send and receive faxes at the V.17 standard of 14,400 


bps, as well as falling back to the more conventional speeds such as 9,600 bps. 


Only $299 
JAYCAR Fi 


FANS % 


12VDC 
12VDC 
80mm  12VDC 
80mm 240VAC 
120mm 240VAC 


= 


1 Amp Regulated 
Power Supply Bargain 


supply gives 6,9 or 12V 


40mm 
60mm 


Cat. YX-2502 
Cat. YX-2505 
Cat. YX-2512 
Cat. YX-2510 
Cat. YX-2514 


032 Cat Price $39.95 


o August Only $29.95 


In April we advertised a quantity of these detectors, as a scoop 
purchase deal. They sold so well, and work so well, we are now direct 
importing them, and can continue to offer these at the previous low 

price. We even have different lenses available 

The Micron is the ultimate low cost/high performance PIR detector. The 
Micron circuit design has been tested at 20V/m over the frequency 

range 20 to 1000MHz proving that the Micron has ultra high RFI 

protection and complies with BS6667, part 3 and IEC Publication 801, 

Part 3. Knowing the Micron has passed these tests and by utilizing the 
selectable 1,3 or 5 pulse count, once installed correctly you can leave 

the installation, confident that false alarms will not occur. 

Specifications: *selectable 1, 3 or 5 pulse count «operating voltage 9- 
18VDC «current 17mA «alarm contacts - МС «operating temp -10° to 55°C; 
“pyroelectric detector dual element. 


cat. La-s030 ONLY $25 OR 10 FOR $200 
$4.95 
$4.95 


Long Range Lens 


Curtain Lens 


22.50 


{ 


$27.50 
$27.50 


LOWER PRICES ON 
SEMICONDUCTORS 
MICRON PIR MADNESS CONTINUES 


POLYPROPYLENE 
OSSOVER CAPACITORS 


[The RT 
eS (axial) bi polar 

capacitors are ideal 
for high quality crossovers. They offer excellent audio frequency 
characteristics, and are rated at 250 volts. 
Value Price Cat.No.| Value Price Cat.No. 
1и 5.6uf $6.95 RY-6955 
1.5uf 6.8uf .95 RY-6956 
2.2uf 8.2uf $9.95 RY-6957 
3.3uf 10uf $10.95 RY-6958 
4.7uf 


RY-6951 
RY-6952 
RY-6953 
RY-6954 


Includes a safety overload with reset swit їп colour: 
Cat Ms400 Was $12.95 SAVE $3 


PIEZO ELECTRONIC 
WINDPROOF BURNER 


Tum a common disposable cigarette lighter 
into a blowtorch. Supplied with cigarette 


lighter. Cat. TS-1680 
Was $29.95 Save $5 
—— August $24.95 


Enuáron CAR ALARMS 
Very latest alarms with all new alarm innovations 
т protection 1 $ 


NO 
Anti code grabbing 


Anti scanning 
Self code learning remotes 
Trunk release 

Silent arm/disarm option 
Pager output 

Door secure warning 

Panic button remote 

Auto door lock - hijack 

Long lock output 

Flash parking lights 
Active/passive selectable arming 
Service reset switch 

Engine kill relay 

Electronic shock sensor 

Slide on keyfobs 

Remote control lock/unlock 
Alarm memory report 

Dual protection. 

Automatic rearm 

Visual armed LED 

Open door monitor 
Emergency overide button 
Power interrupt alarm memory 
Interior light activator 


$ 


19.95 
18.50 


$ 
$ 


<<444244444422442242-44-5 
222222222222222.42222.2..2... 


SIREN EXTRA 
Normal CatLA-8908 525.95 
Backup Battery Cat. LA-8910 $64.95 


. SEEQUR 1996 
CATALOGUE FOR 
FULL DETAILS | 


AYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTR 


AYC 
AYC 


JAYCAR ELECTRONICS 


END OF FINANCIAL YEAR DISTRESS STOCK CLEARANCE! 


ТМ Ң TWO OF OUR SUPPLIERS NEEDED TO CLEAR OUT SOME STOCK FOR THE END OF THE FINANCIAL YEAR. WE BOUGHT 


ДҮС 


ІТ АТ GREATLY REDUCED PRICES. THESE PRODUCTS APPEAR ІМ THESE ADS. THIS IS YOUR CHANCE TO GRAB 


ТҚШ YOURSELF A BARGAIN. MOST PRODUCTS ARE HALF PRICE OR LESS. BE QUICK. IT WONT LAST !! 


Ni ROCK SPEAKER 


ПӘН Distress stock purchase. Limited qty available. 
Save a fortune over normal price. 
[AME] This is a Hi Fi speaker that 
ТН looks like a rock! Place it in 
ПҮДҢ the garden, or any outdoor 
location. Weather proof to. 
some extent! Speakers аге | 
an 8" woofer and 2" dome 
JAN] tweeter with crossover and | 
they sound much better than 
we thought they would. 
*Power handling: 100W 
continuous, we would say 
around 40-50WRMS 
*Impedance: 8 ohms 


INIH Cat. СЕ-2300 


(М н” 
Өре 
M. i 


Rec Retail $349 Save $210 


OUR PRICE ONLY $139 


Distress stock purchase. Way below normal 
prices these quality made in USA cases allow you NEW 

to organise, store and protect photographs and 

negatives. They will store photos sizes 3.5" x 57, 

4" x 6" and 5" x 7" as well as negatives. They have moveable plastic 


dividers and paper index cards and are dust proof, water resistant and archival safe. 
Will also hold CD's and cards etc. Supplied with convenient organisational labels. 


TWO SIZES AVAILABLE. r 
Holds up to. 

1400 photos. 
Size 
450(W)x185(H) 
x215(D)mm 
Retail 


Holds up to 600 photos. 
Size 220(W)x185(H)x215(D)mm 
Retail Price $29.95 


Save $15 cat. нв-5200 


7 Save. $20 Cat. HB-5202 


CASSETTE HEAD 
CLEANER TAPE 


(> Cassette player heads 
need cleaning 

regularly. Grab a couple 

of these 

and 

never 

have to 

worry 

about 

head 

Cleaners again. Tape supplied 

in a plastic bag. No case 

supplied. Cat. AR-1460 

Normally around $3.95ea 


Only 2 for $1 


[mJ Packet 2 Only 


NEW 


CASSETTE HOLDERS 
Below normal price. Keep your 
= cassettes tidy. Each holder hokis 
0 cassettes and is see through. 
Smoke grey in colour. Packet of two 
holders holds 20 cassettes, ey Cat AR-1485 | 


POT PLANT SPEAKER 


Distress stock purchase. Very limited quantity 
available. Below 1/2 price. 

This is a Hi Fi speaker in a pot plant. The speakers are an 
8" woofer and 2" dome tweeter mounted in the bottom of 
the pot pointing down. The speakers are the same as in 
the rock speaker and sound much better than we thought 
they would. Supplied with legs for floor mounting and a 
macrame hanger for hanging up. Ideal for porches, 

patios, around the pool / spa, under pergolas etc. Puta | 
plant in it and they look great. Power handling: 100W 
continuous, about 40 - SOWRMS, imp 80, sensitivity 

91db, frequency response 40Hz-20KHz. Cat. CE-2305 
Rec Retail Price $219 Save $120 


Our Price $99 


COMPACT VIDEO 
4A РС Р-У Р 


Distress stock purchase Way below normal 

price. Limited quantity available. Ideal for 

amateur or professional use. Supplied with: 

*6V 10W halogen light with interchangeable 

lens diffuser for spot or flood light. 

*Rechargeable belt battery pack and mains 

charger. *Right angle extension bracket and adjustable long extension 
bracket for mounting video light. Cat. SL-2890 


Retail Price $195 OUR PRICE 5579 
PHILIPS DYNAMIC MICROPHONE 


Distress 
purchase. Very 
limited quantity 
Be quick! Philips 


4, 
уу, 
Php 75 


dynamic mic with flexible gooseneck. Base has standard 5/8" 
female thread and is supplied with an adaptor for a small thread. 
Flexible gooseneck is 200mm long and base includes an on / off 
switch. Supplied with cable and 3 pin Canon type plug. 

Philips brand, so you know the quality. *Freq Range: 150- 


11,000Hz «Sensitivity: 2.2mV/PA 4/- 4dB «Impedance - 6000 
“Weight: 400grams Would sell for around $80 
Our Price Only $39.95 cat. am-4080 
PA SPEAKER BARGAIN 
Another distress stock purchase E 
Consists of a 5" 
speaker mounted 
naria Gon QE 
with a 70 / 100 volt ine. 
transformer. The speaker is a 
widerange and handles 5 watts 
(RMS), the grill is white and 
mounting holes are predrilled. Save _ 
a fortune over normal price. Ltd atys. 
Cat. CE-2308 
Retail Price $34.95 
Our Price $17.50 
10 + $15.00 
EEE ле Trannie Sellout 
Unique PA speaker line trannie in а neat. 
self contained waterproof 
plastic case. Ideal for 
running outdoor speakers 
or horns from most PA 


| amps. Cat.MM-2500 
Normally $29.95 


AYCAR ELECTRONICS JAYCAR ELECTRONICS JAYCAR ELECTRONICS cee is 


AYCAR 


S JAYCAR ELECTRONICS JAYCAR ELECTRON 


WAY SP R 
Another distress stock purchase. Priced way below normal . 
These аге 82 woofers with tweeter mounted in the centre. They 
have polypropylene cones and good sized magnets. 
These are quality HiFi drivers. Use them аз. 
replacements for ageing speakers in your ste: 
Crossover capacitator included. 
6" COAX SPEAKER 
*Power handling 25 WRMS. 
*Freq. Resp. 
«Magnet 
4 *SPL 
Includes white metal grill at no 
extra charge Cat. CE-2316 
Retail Price $55 ea 
ice $29.95 ea 
PEAKER 
lin 
*Freq. Resp: 
*Magnet: 
ЕЕ 89dB 
Retail Price $65 ea 
Price $39.95 ea 
Cat. CE-2320 


ETE 
RONICS ЈАҮС, 


ai CEILING / WALL MOUNT COAX 2 WAY SPEAKER. 


IJ Distress stock 


| Tweeter 


purchase. Way below 
normal price. These 
speakers are 2 way 
‘coaxial speakers with a 
polypropylene cone 
woofer and a dome 
tweeter mounted in the Й 
centre. They are mounted in а white plastic square frame with 
a removeable white grill. The speakers can be removed from 
the frame if its not required. Each speaker has a crossover 
capacitor and a polyswitch speaker protector. These speakers 
will give excellent sound in a ceiling or wall mount situation, or 
remove them from the frame & use them as replacement for 
the old drivers in your stereo. Sold as a stereo pair. 
5.25” KIT 
Woofer 5.25" 100z. magnet 
1/2" polycarbonate 
Impedance 8o 
Power 20 WRMS 
Freq. Resp. 
Sensitivity 

s. Freq. 

e 


Spk. protection Polyswitch 


Retail Price $169.95 Pair 
Our Price $69.95 Pair 
Save $100 


Cat. СЕ-2340 Save 5 


2 WAY MONITOR SPEAKERS 


Another distress stock purchase. These 
would make ideal rear speakers for a Dolby 
Surround System, or small monitors for the 
dining room, bedroom, kids room etc., eto. 
They are bass reflex and have a 5,5" treated 
cone urethane edge woofer with 100z magnet 
and a 1" soft dome tweeter with 5.30z magnet. 
You can tell by the magnet size, that the. 
drivers are not cheap units!! 
Quality speakers priced well below normal. 
Specs: *Power Handling: 40 WRMS 

8 @ *Freq. Response: 80 -18Khz 
Sensitivity: 8848 «Size: 245(x155x175mm 
*Weight: 2.2Kg. each 


Retail Price $299 Pair 


SIZE COMPARISON 


69 Pair Save $130 


7/2 
PRICE 


Izisizisizizizisziziszisisi 


Үр Ribbon | 
Гү Giveaway % 
JAYC Ber is white. | 
M cat wa-teos 


МҚ Price for black is $23 
Mt roll - this stuff is $10 
I MO per 100 metre roll 


AYCAR ELECTRONICS JAYCAR ELECTR 
AYCAR ELECTRONICS JAYCAR E 


AYCAR ELECTRONICS JAYC 


LECTRONICS JAYCAR E 
ELEC JAYCAR 


volume control. 


atch TV in bed and the Missus 
cord to 3.5mm mono 


| Static 
| Wrist 


adjustable velcro wrist strap, coiled lead. 
and banana plug/alligator clip. Expanded 
lead length about 1.8 metres. 


NICS JAYCAR ELECTRO 
LECTRO! 


RACK STYLE 
EQUIPMENT 
ENCLOSURES 


Quality metal robust rack 
enclosures in 1, 2 and 3 unit sizes. 

See 96 catalog P82 for full details. 

Large range available on indent for quantity users. 
Contact Jaycar wholesale for details. 


1 Unit Enclosure Cat. HB-5120 
2 Unit Enclosure Cat. HB-5125 
3 Unit Enclosure Cat. HB-5130 


NICS JAYCA ECTRO 


$109.50 


CTRONICS JAYCAR ELECTRO 
TRON R 


ODODO 


FREE HOLSTER 
WITH DIGITAL 
CAPACITANCE 


v MASTHEAD AMPLIFIER 

We were very very impressed with this amplifier 

when we did our testings. It worked extremely well and 
dragged in TV channels that were simply not there before. Fuzzy 


METER IN AUGUST безе ix clear. Unit consists of the amplifier which 


yp [Simply replace your 
Y U [atobe with this globe and 
md ONE TIU 


power supply which is mounted in. 
the house as well as the mains 
plug pack for 240V operation. Has 
variable gain control on both UHF 
& VHF. Use with UHF / VHF 


UHF and VHF antennas, Clear 
instructions are also supplied. 
SPECIFICATIONS: 

Е 


ШЕ. 


“Only $79. 95 | 


^ 
theydon't sel, Cat HB-6345 
1995 Price $19.95 


the cable «sold singly 


THE SPLIT SPEAKER SYSTEM IN ONE! 
Each speaker incorporates an adjustable angle Super 
Titanium Dome Tweeter with Neodidium magnet. 
If you mount them in the doors, simply point the BEES JUSTE 
super tweeters upwards. Other features: 
ton voice coil formers «high genuine power 
handling «mica filled polypropylene cones includes. 
124В/осізуе crossover mounted in 


5" Bass - 1" Super Tweeter 


Door Mount 
6.5" Bass - 1" Super Tweeter 
Rear Mount 


: 2 y 
Í CAR ALARM SENSATION 


scoop purchase from. 
ІҢ Distress lowe you to save a fortune, 
Road Alert RA-B2 s a remote contol car 


Universal Fast NiCad Battery Charger! With 
aa , 


i This charger will automatically 
de discharge the cell, then fast charge 


[AE] them, then switch to trickle charge 
JA (2 automatically. The auto discharger 
liminates the dreaded "memory 
sffoct" which plagues Nicads. 
с i *Recharges 1 to 4 pes AA, 
AAA, C & D Nicads in 4 hours «Auto 
(0| selects the correct charge/discharge 
tor different batteries «Automatically switches to charging after discharge cycle 
"Automatically switches from fast charge to trickle charge to prevent damage from 
[j| overcharging "LED indicators show И charger is discharging, fast charging or 
trickle charging *9 volt batteries are not fast charged or discharged «240/ mains 


$59.95 
=] have an enormous effect on your car sound system in 


terns of cresting а realistic musical experience. By e 


the. 
/ most directional, are aimed almost directly at the 
| listeners ears. Musically the effect is tremendous.They can simply be added to 
j| your existing system with a 3.3uF capacitor connected in series. They will then 
‘work from about 10kHz Beware of low priced Chinese made tweeters 
that may look similar. See 1996 catalogue for full details. 


Cat: CS-2210 


m ff powers ‘Electricity authority approved. Cat MB-3500 
SUPER CAR TWEETERS 
( Top quality tweeters, made by a specialist 
manufacturer. Used by installers. These tweeters can 


Save 520 Оп Car ` 


Immobilizer | 
Features: | 
*Code learning keys *3 separate 
disable circuits «Passive arming 
*Tamper memory *Arming 
memory »Саг hom can be 
connected *LED mounted in key 
recepticle «More than 1/2 million 
key codes See 96 catalogue P156 
for full details. Cat. LA-8920 


Normally $129.50 August $109.50 save $20 


| PREPROGRAMMED & LEARNING 
REMOTE CONTROL % 


This easy to use control does it ай. 
TV, Video, VCR, Hi-Fi, 

Satellite, Teletext. Controls up to 4 units. 
*Preprogrammed with a huge up to date range of 
codes. Simply find your brand of equipment from the 
list of codes supplied and enter it in. If this fails, there 
is a "Setup by Auto Search” function in which the 
remote checks all its preprogrammed codes to find the 
one that will operate your equipment. 

This learning function allows you 
to add these odd functions into the remote. 
Other features include:- «Glow in the Dark «Punch 
Through *Secondary Function *Anti Shock «Water 
Resistant «Easy to Use Requires 4 x AAA batteries 
(not supplied) Use Cat. SB-2426 Pkt. of 2 @ 52.50 (2 


packs required) Cat. AR-1705 569.95 


ЭООООООС 


MOTOR BIKE ALARM 


Features: «remote start *engine kill 
two remote controls silent arming 
*bike finding «learning sensitivity 
Sensor *person-al remote control 
lockout. What You Get. •1 x black 
box electronic module supplied with 
velcro double sided tape for 
mounting “2 x 4 button remote 
controls =1 x siren *2 x wiring. 
hamesses and installation 
instructions. For more details refer to 


JAYCAR ELECTRONICS JAYCAR ELECTRA 
JAYCAR ELECTRONICS JAYCAR ELECTR 
CAR ELECTRONICS JAYCAR El 


Cat. 08-2289 $59:50ea d 
Cat. CS-2284 $59.50ea 


Cat. 09-2288 $69,50ea E 
6x9" Bass - 1" Super Tweeter Cat. 05-2290 $79.50ea C 


AYUAH 


AR RUN 


BUY 
Wd POCKET SAMPLER КІ 


N FOR PC's 
(Ң REFER ELECTRONICS AUSTRALIA AUGUST, 1898. This| 
JN semper plugs into your PC's parallel 
] port, allowing you to monitor voltage or 
TIAE current over peroids ranging from 
ANIN milliseconds to more! Monitor nicad 
y C] ы беттік heus Ire sensor 
ges, etc. Kit includes case, 
A silkscreened front panel, PCB, plus all 
oust ыу эс] 
ҮҚҮТҚ required - power is 
ЖА computer por D25 cable fot included - | 
(H use PL-o856) 1 


7| Cat. КА-1787 
id Super Bright 5mm Full 
ІН Colour RGB LED 
Гм green үзе 
сом 
md 

blue: 


b Cat. ZD-1798 


|| SEGMENT DISPLAY 
MADNESS - 1/2 PRICE 


THESE DISPLAYS ARE LARGE!!! 
The actual numbers are 57mm (2.3") 
М high. The housing is 70mm high x 
4 43mm wide. Ideal for house numbers, 
clocks etc. Common anode. Face 
КІҢ colour is black, LED colour - 


8 MADNESS 


d We've made a scoop purchase of some IN5060 diodes. 


(6 These are a equivalent to the standard 144004 type 
diode. Grab a pack and save. 


|j DEAL 1 - LIGHT DUTY Е 
Normally 90c metre, $55. per 100 metre roll 
August 60c m tre, $35 per 

(C 100 metre 


Normally $1.10 metre, $70 / 100 metre roll. 


$29.95 Cat. La-5130 


A full colour light 
emitting diode (LED) 
now available which 
Cathode | emits red, orange, 
red/orange| yellow, green, blue and 


Cat. 29-1006 
Normally 10c each Pkt of 50 Only $2.95 


AMSAVE ОМ 750 COAX "eem 


TROMI 7-7 ^Y CAR ELECTRONICS JAYCAR ELEC 


MAKE YOUR HOME LOOK 
ALARMED FOR $49 


Most home burglar alarms have а | 
Siren and flashing strobe mounted | 
in а metal box on the verandah, or 
under the front eaves. Burglars 


ONICS JAYCAR ELECTRONICS 
А РОШ 


casing the street easily know who | hi 

has an alarm, and who doesn't. 

Now you can make your home > 5 

look alarmed with our new kit for a | 

very low price. | Г 


SIREN COVER $29.95 
STROBE 
3 ALARM STICKERS 


MINI RELAY BARGAIN 


$2156 Buy Togethe 
$57.48 For Only $49 


Special $4.95ea 10+ $4ea 


POWER OUTPUT 
90 watts RMS channel x 2 - 4 ohm 
[150 watts RMS channel x 2 - 2 ohm 


$9.95 ea ША ЛО РЕНК 


Distortion: 0.05 
Signal to noise — 65dB 
А quality amp at a gı 


10 WAY PCB MOUNT 
SCREW TERMINALS 


Save a fortune over normal price. 2 way 
sell for $1.20 each, 3 way $1.50 each, 6 
way $2.30 each. Quality European brand. — 


August 75c metre, $50 рег NEW PLUGS 


100 metre roli 


Cat. М/В-2004 2.5mm stereo plug. 


Саі, Рр-о10з $2.40 NEW- 
+ —— 3.5mm right angie stereo plug 
Sa — саһрр-озе 5 1.50 cÉ—— | 
FREECALL FOR PHONE ORDERS 1800 022 888 
\ WGAR ELECTRONICS JAYCAR ELECTR 


САВ ELECTRONICS JAYCAR El 
TRONICS JAYCAR 


ALARM PIEZO 


| BARGAIN 


22222 


===: 
Oo 


22222 


cO CC 


2с 


Dco 


EIE 
z 


NICS 
NICS 


This unit is [emm | N 


very similar 


) to our 


standard unit | 
(LA-5256 | 
$20.95 Cat. | 
page 155) 


1 mt *Colour Black 
*Size 61 dia. x37 mm high 
Cat. LA-5257 


Normal price around $21 
These Only $14.95 


5.25" 2HD 


DISKS 


If you use these disks, then stock 
up now, as they are getting hard to 
get, and we won't be keeping them 
in our range. IBM formatted. 
Box of 10 

Cat. X0-4733 

Was $7.50 

Now $5.00 

Save $2.50 


TRI 


NICS 
NICS] 
"NIC: 


NIC 
N 


PAV AD ГІ COTDAN 


|| remote keypad cases and keypads. The Cases are designed 
to be wall mounted and will accept the keypads. The panel has 
holes punched for LEDs and they have a hinged front door. Size: 
| т х103(н) x 20(D)mm. 2 colours. с ‘Cat. HB-5600 


Keypads : Membrane Touch Keypad, has 1-0 
numbers, isolation and enter keys & cutouts for 
|LEDs. The left hand half can be cut off with 

scissors, so you have a standard type keypad. Peel | 
off sticky backed. Cat. sP-0775 Only $2 


Case & Keypad : Grey case as described with 


; NEW. keypad stuck in place. Cat. HB-5602 $2.50 
A 
vel MOV PEN IN HOBART 9 
Д с! 
в a 
Yd 140 CAMPBELL ST. Ph: 002 315 877 Fax 002 315 876 
A 
A TRIAC DEAL ту! | R A 
A Stock up at O O PO 
A this crazy Sia д ж Y @ 
A price. TAG * ou wA e 
^ 225-400. 8 АМР * 
ROO THO ТОО ОЕ "Hot sol Cat. TS-1700 $32. 95 = 
ЛИЧ сана: DESCRIPTION. | WAS моя | 0 
A 3 П 
А KA-1717 Subwoofer adaptor short form $19.95 51500 Normally $2.25ea Қа” 
KA-1737 Special processor for Т/Х $29.95 $17.95 
AVI kacizsz РО controled EPROM eraser 25058 — 275 | AUGUST 10 FOR $10 ETT 
(МЇ KA-1753 Decoder for ACS signal $1895 513.95 = — B 
ЖІ КА-1757 Ні res for 1GHz freq counter 599 5495 New Drill Kit Гг 
KA-1766 Іп-А-Ғіазһ cable checker $22.95 $16.95 =k / 
A KM-3050 50 WRMS 80 power module $37.95 $31.95 | Mime cy SED ч 1 > 
A KE-4050 ET! 480 50W amp module $28.95 $23.95 ^ Ж Si 
^ KE-4052 ЕТІ 480 100W amp module $35.95 $30.95 Ф 
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Newnes Guide 

to Satellite TV 

Installation, Reception & Repair. 
By Derek J. Stephenson. First 
published 1991, reprinted 1994 
(3rd edition). 

This is a practical guide on the 
installation and servicing of satellite 
television equipment. The coverage 
of the subject is extensive, without 
excessive theory or mathematics. 
371 pages, in hard cover at $55.95. 


Servicing Personal 
Computers 

By Michael Tooley. First published 
1985. 4th edition 1994, 

Computers are prone to failure from 
а number of common causes & 
зоте that are not so common. This 
book sets out the principles & 
practice of computer servicing 
(including disc drives, printers & 
monitors), describes some of the 
latest software diagnostic routines & 
includes program listings. 387 pages 
in hard cover at $59.95. 


The Art of Linear. 
Electronics 

By John Linsley Hood. Published 
1993. 

This is a practical handbook from 
опе of the world's most prolific 


қ 


audio designers, with many of his 
designs having been published in 
English technical magazines over the 
years. A great many practical circuits 
are featured — a must for anyone 
interested in audio design. 336 
pages, in paperback at $49.95. 


Optoelectronics: 

An Introduction 

By J. C. А. Chaimowicz. First 
published 1989, reprinted 1992. 
This particular field is about to. 
explode and it is most important for 
engineers and technicians to bring 
themselves up to date. The subject is 
comprehensively covered, starting 
with optics and then moving into all 
aspects of fibre optic communica- 
tions. 361 pages, in paperback at 
$55.95. 


Digital Audio & Compact 
Disc Technology 
Produced by the Sony Service 
Centre (Europe). 3rd edition, 
published 1995. 
Prepared by Sony's technical staff, 
this is the best book on compact disc 
technology that we have ever come 
across. It covers digital audio in. 
depth, including PCM adapters, the 
Video8 РСМ format and R-DAT. If 
you want to understand digital audio, 


you need this reference book. 305 
pages, in paperback at $55.95. 


Power Electronics 
Handbook 

Components, Circuits & Applica- 
tions, by F. F. Mazda. Published 
1990. 


Previously a neglected field, power 
electronics has come into its own, 
Particularly in the areas of traction 
and electric vehicles. F. F. Mazda 

is an acknowledged authority on the 
subject and he writes mainly on the 
many uses of thyristors & Triacs in 
single and three phase circuits. 417 
pages, in soft cover at $59.95. 


Guide to TV & Video 
Technology 

By Eugene Trundle. First published 
1988. Second edition 1996. 

Eugene Trundle has written for many 
years in Television magazine and his 
latest book is right up date on TV 
and video technology. 382 pages, in 
paperback, at $39.95. 


Electronics Engineer's 
Reference Boo! 

Edited by F. F. Mazda. First 
published 1989. 6th edition 1994. 
This just has to be the best reference 
book available for electronics 


engineers. Provides expert coverage 
of all aspects of electronics in five 
parts: techniques, physical 
phenomena, material & components, 
electronic design, and applications. 
The sixth edition has been expanded 
to include chapters on surface mount 
technology, hardware & software 
design, semicustom electronics & 
data communications. 63 chapters, 
in paperback at $140.00. 


Radio Frequency 
Transistors 

Principles & Practical Applications, 
By Norm Dye & Helge Granberg. 
Published 1993. 

This timely book strips away the 
mysteries of RF circuit design. 
Written by two Motorola engineers, it 
looks at RF transistor fundamentals 
before moving on to specific design 
examples; eg, amplifiers, oscillators 
and pulsed power systems. Also. 
included are chapters on filtering 
techniques, impedance matching & 
CAD. 235 pages, in hard cover at 
$85.00. 


Surface Mount Technology 
By Rudolph Strauss. First published 
1994. 


This book will provide informative 
reading for anyone considering the 
assembly of PC boards with surface 
mounted devices. Includes chapters 
оп wave soldering, reflow soldering, 
component placement, cleaning & 
quality control. 361 pages, in hard 
cover at $99.00. 


Audio Electronics 
By John Linsley Hood. Published 
1995. 


This book is for anyone involved in 
designing, adapting and using analog 
and digital audio equipment. Covers 
tape recording, tuners & radio 
receivers, preamplifiers, voltage 
amplifiers, power amplifiers, the 
compact disc & digital audio, test & 
measurement, loudspeaker crossover 
Systems and power supplies. 351 
pages, in soft cover at $52.95. 
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Are your TV signals weak or 

noisy? This masthead amplifier = 
could mean the difference 

between a lousy picture and \ 


good reception. 


Portable 
mastne 
amplifier 
for TV & FM; 


By BRANCO JUSTIC 


HIS MASTHEAD AMPLIFIER 

was originally designed for use 

with caravans and recreational 
vehicles. It's portable, comes with its 
own inbuilt telescopic (rabbit ears) 
antennae and runs off a power supply 
ranging from 7-20V DC or 6-i5V AC. 
This means that you can either power 
theunit from a 12V car battery or from 
the mains via a suitable plugpack sup- 
ply. 

The “rabbit ears" telescopic anten- 
nae feed directly into the amplifier 
circuit. This circuit typically provides 
from 16-20dB of gain at frequencies 
up to 1GHz, which should be plenty 
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for beefing up an otherwise marginal 
signal to a portable TV set. 

If you're fed up with constantly ad- 
justing the antenna on your portable 
TV set or if the reception varies when 
you change channels, this “active” 
antenna system is the way to go. It not 
only amplifies the incoming signal 
but, just as importantly, provides cor- 
rect impedance matching between the 
antenna and your TV set. 

Of course, there's nothing to stop 
you from using this design in fixed 
installations or as a distribution am- 
plifier. All you have to do is ditch the 
rabbit ears antennae and feed a signal 


in directly from a fixed antenna or a 
distribution cable. The unit is easy to 
install and is suitable for amplifying 
both VHF and UHF signals, as well as 
FM signals. 

As with most masthead amplifiers, 
the DC supply rails are delivered via 
the downlead; ie, the TV signal and 
the supply rails share the same cable. 
This means that you don't have to run 
separate supply leads up the mast, 
which greatly simplifies the installa- 
tion. 

Generally, the best approach is to 
mount the amplifier as close to the 
antenna terminals as possible. That's 


MASTHEAD AMPLIFIER 
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Fig.1; the circuit is based оп a МАК6 broadband RF amplifier (IC1) which 
provides around 20dB of gain. D1 and D2 protect the input of IC1 by clipping 
any high voltage transients, while REG1 provides a 5V supply rail. This supply 
rail is fed via the signal cable to the output terminal of IC1 and is isolated from 


the TV set using C3. 


ІСІ MOUNTED ON 
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RECEIVER 


c5 
Ri. REGI 100uF 
Я вво 7805 (рз 


сз Z5 
5 
ў 
1 29 
ASH 1003 POWER 
SUPPLY 


Fig.2: install the parts on the two PC boards as shown here. The MARG 
(СІ) is mounted from the copper side of the board (see photo). 


really just another way of saying that 
it should go on the mast. This is done 
to avoid signal degradation due to ca- 
ble losses. Quite often, a good signal is 
available at the antenna terminals but 
cable losses can result in a severely 
degraded signal by the time it reaches 
the TV set. 


The basic idea is to amplify the 
good signal that’s coming from the 
antenna, rather than a noisy signal at 
the TV set itself. 

Well, that's what the theory says. In 
practice, you can sometimes get a good 
result by placing the masthead ampli- 
fier at the TV if you don't want to go to 


TO TV 


the trouble of mounting it on the mast, 
This only applies to borderline situa- 
tions, where the signal is just too weak 
for the AGC (automatic gain control) 
circuit to limit the front-end gain of 
the receiver. 

In this situation, you get a “snowy” 
picture because the front-end oper- 
ates at high gain which results in a 
poor signal-to-noise ratio. By amplify- 
ing the signal before it is fed into the 
receiver's front end, the AGC circuit 
limits the gain and this drastically 
cuts the noise to give a clear picture. 


Distribution amplifier 

Another area where this circuit 
should prove popular is as a distribu- 
tion amplifier. Quite often, a signal 
that's adequate for one TV set will no 
longer be adequate when fed through 
a splitter for distribution to several 
outlets. That's because the splitter it- 
self introduces signal losses, typically 
around 3.5dB or more. 


The amplifier board (left) is installed 
inside a length of 100 x 43mm OD 
conduit. Above is a close-up view of 
the MARS IC, which is mounted on 
the copper side of the board. 
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The power supply board is installed inside a small plastic utility case, as shown 
here. Take care to ensure that the 7805 regulator is oriented correctly and check 
that the completed unit delivers +5V to the centre conductor of the lead that 


runs to the amplifier board. 


The answer is to amplify the signal 
before feeding it to the splitter. Doing 
this will ensure a sufficient level at 
each outlet for a noise-free picture, 
despite losses in the splitter circuit 
and the distribution cable. 


Circuit details 


Fig.1 shows the circuit details, It's 
based on a MAR6 monolithic'broad- 


MASTHEAD Г) 
AMPLIFIER. 


ANTENNA 


AMPLIFIER 


ANTENNA 


Fig.5: here's how to include a VCR in a distribution system. 
The combiner is just a 2-way splitter wired back-to-front. 


band amplifier (IC1) made by Mini- 
Circuits (USA). This device has a rated 
bandwidth from DC to 2GHz, 20dB of 
gain at 100MHz and a low noise figure 
of around 2.8dB. This noise figure is 
far superior to the noise figure for the 
OM350 monolithic amplifier used in 
many older masthead amplifier de- 
signs. 

Apart from the MARS, there's just a 
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то 
AMPLIFIER 


TO 
AMPLIFIER 


ONE TURN 


TWO TURNS 
10 
ANTENNA 
TO 


ANTENNA 
Fig.3 a balun is necessary if you 
intend using the twin telescopic 
antenna. It is wound using light- 
duty single core wire. 


7805 3-terminal regulator, three di- 
odes and a few minor components. 
All the required gain is provided by 
the MARS, so there's no need to make 
things complicated. Let's take a closer 
look at how it works. 

The signal from the antenna is cou- 
pled to the input of IC1 via capacitors 
C1 and C2 which provide DC isola- 
tion. Diodes D1 and D2 are there to 
protect IC1 from excessive input 
voltages, as could be induced by 
nearby RF transmitters, lightning 
strikes or static build-up. 

Note that BAW62 diodes are speci- 
fied here, as these are a high-speed 
switching type with very low capaci- 
tance. As a result, they provide good 
protection for IC1 with very little sig- 
nal loss. In operation, they clip any 
high voltage spikes to *0.6V. 

The amplified signal appears at the 
output of IC1 and is coupled directly 
to the centre conductor of the coaxial 
cable downlead. It is then subse- 
quently fed to the antenna terminal of 
the TV set via C3. 


Power supply 

Powerfor the circuit is derived from 
an external AC or DC plugpack sup- 
ply. D3 either rectifies the AC supply 
or, in the case of a DC supply, pro- 


“Will a masthead amplifier solve 
my TV reception problems?” 

That's a question that's often 
asked and the answeris "it depends". 
A masthead amplifier is nota univer- 
sal panacea for crook TV pictures 
and there are many situations where 
it will offer little or no improvement. It 
will not eliminate most: ghosting prob- 
lems, for example, as the ghosts 
just get amplified along with every- 
thing else. Nor can a masthead am- 
plifier clean up interference prob- 
lems or give you a good picture if 
there is little or no signal in the first 
place. 


Do You Need A Masthead Amplifier? 


That said, there are many situa- 
tions where a masthead amplifier 
can dramatically improve picture 
quality, particularly in fringe areas. 
Basically, you should use a mast- 
head amplifier under the following 
circumstances: 

(1) You live in a fringe area and 
one or more channels is noisy; 

(2) Reception is poor due to losses 
in the downlead; 

(9) The signal strength is inad- 
equate because of splitter and cable 
losses in a distribution system; 

(4) The antenna system is only. 


very modest. i 


vides reverse polarity protection. The 
resulting DC rail is then filtered by C5 
and drives 3-terminal regulator REG1. 
The 5V output from REG1 is then fil- 
tered and applied to the output termi- 
nal of IC1 via R1, L1 and the centre 
conductor of the downlead. 

Inductor L1 presents a high imped- 
ance at signal frequencies and thus 
ensures that IC1's outputis not loaded 
by the supply rail. It also serves to 
keep signal frequencies out ofthe regu- 
lator output circuitry. 


Construction 

The assembly of the masthead am- 
plifier is straightforward, with all the 
parts mounted on two small PC boards. 
The MARG RF amplifier and its asso- 
ciated parts go on the smallest board 
and the completed assembly installed 
inside a length of 100 x 43mm OD 
plastic conduit. This is fitted with 


end caps for weatherproofing — an 
important consideration if the unit is 
to be mounted outdoors on an an- 
tenna mast. 

The power supply parts are accom- 
modated on the second board. This 
board fits inside a small plastic utility 
case which would normally be hid- 
den somewhere behind the TV set. 

Fig.2 shows the parts layout on the 
two PC boards. Begin by installing the 
parts on the amplifier board, taking 
care to ensure that diodes D1 and D2 
are oriented in opposite directions. 
The two capacitors are non-polarised 
and can be installed either way 
around. 

The MARG amplifier IC is a surface 
mount device and is installed from 
the copper side of the PC board. The 
accompanying photographs show how 
this is done. Make sure that it is cor- 
rectly oriented. Its type number should 


Where To Buy The Parts 


Parts for this masthead amplifier design are available from Oatley Electronics, 5 
Lansdowne Parade, Oatley, NSW 2223. Phone (02) 579 4985 or fax (02) 570 


7910. Prices are as follows: 


Basic kit (incl. PC boards, МАН6 IC, all on-board parts & balun core)... $15.00 


Twin telescopic antenna ..... 
Plastic case for power supply 
Plugpack supply ...... 
RG59 coaxial cable .... 


.. $5.00 


.. 90с/теіге 


Payment тау be made by cheque or credit card. Please add 55 for packaging 


and postage. 


Note: copyright of the PC board artworks associated with this design is retained 


by Oatley Electronics. 


ЕЕ PARTS LIST 


1 amplifier PC board (Oatley 
Electronics) 

1 power supply PC board 
(Oatley Electronics) 

1 twin telescopic antenna 
(optional) 

1 balun core 

1 100mm length of 43mm O.D. 
plastic conduit 

2 43mm 1.0. end caps 

1 plastic case, 84 x 54 x 30mm 

4 plastic cable ties 

1 15uH inductor (L1) 

1 680 resistor (0.25W) 


Semiconductors 

1 МАН6 wideband RF amplifier 
IC (IC1) 

1 7805 3-terminal regulator 
(REG1) 

2 BAW62 fast switching silicon 
diodes (D1,D2) 

1 1N4004 silicon diode (D3) 


Capacitors 
1 1004F 25VW PC electrolytic 
(C5) 


( 
1 .0033ҺҒ ceramic (C4) 
3 .001uF ceramic (C1,C2,C3) 


Miscellaneous 

Light-duty single core wire (to 
wind balun), clamps, silicone 
sealant, coaxial cable. 


(анама FEES Roni] 


be visible from the component (top) 
side of the PC board, while a small 
white triangle or dot indicates the in- 
put pin. 

If you are using 75-ohm coaxial 
downlead from the antenna, this can 
be soldered directly to the PC board as 
shown in Fig.2. Alternatively, the rab- 
bit ears antenna comes with 300-ohm 
ribbon cable and so a balun is neces- 
sary to match this (and other standard 
antennas which don't already have a 
balun) to the 75-ohm input imped- 
ance of the amplifier, 

Fig.3 shows the winding details of 
the balun, It is wound using light duty 
single core wire. The amplifier side 
consists of a single turn through the 
core, while the antenna side consists 
of two turns wound from the opposite 
end of the core. 

On the prototype, the rabbit ears 
antenna was mounted on one of the 
end caps (see photo) and secured us- 
ing machine screws and nuts. Once 
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The plastic conduit case makes a 
neat weatherproof assembly which 
is easily attached to a mast using a 
large hose-clamp. 


the connections have been made, the 
completed amplifier board is pushed 
into its plastic conduit housing. The 
output lead emerges through a hole 
drilled in the bottom end cap. 

For a fixed installation, the 75-ohm 
antenna lead is fed in through a sec- 
ond hole in the bottom end cap. It's a 
good idea to fit a couple of cable ties 
to the cables just inside the end caps 
to provide strain relief for the sol- 
dered connections. The two entry 
holes can later be sealed with silicone 
sealant after the assembly has been 
completed and tested. 


58 SILICON CHIP 


The power supply board can now 
be assembled and tested. Take care to 
ensure that D3 (1N4004), C5 and REG1 
are all correctly oriented. Inductor L1 
(15H) looks like a resistor. It has а 
light green body and carries brown, 
green, black and silver colour bands. 

Once the power supply board has 
been completed, temporarily apply 
power and check that the output side 
of L1 is at 45V with respect to ground. 
If there's a problem here, switch off 
immediately and carefully check the 
circuit around REG1 and D3. 

Assuming that all is well, the board 


can now be installed in its case and 
the external connections made. You 
will need to drill holes in one end of 
the case two accept the two coaxial 
cables and the power supply leads. As 
before, attach cable ties to the various 
leads just inside the case so that they 
cannot be pulled out. 

Although not shown on the proto- 
type, we recommend that the power 
supply leads be run to a suitable jack 
socket mounted on the end of the case. 
That way, the plugpack supply can be 
easily disconnected and used in an- 
other application if required. 


Installation 


The way in which the unit is used 
as an active antenna for portable TV 
sets is obvious —just unplug the exist- 
ing antenna and plug this unit in in- 
stead. Don’t forget to apply power to 
the amplifier though. 

For use with an outdoor antenna, 
the amplifier unit should go up on the 
mast as mentioned previously. This 
arrangement will provide the best sig- 
nal-to-noise ratio although a short 
length of high-quality coaxial cable 
between the antenna terminals and 
the masthead amplifier shouldn't 
make too much difference, 

If used as a distribution amplifier, 
the unit can be mounted indoors, pro- 
vided that input signal from the an- 
tenna is noise-free in the first place. 
The output of the amplifier is con- 
nected to the splitter input and the 
splitter outputs then run to the vari- 
ous TV receivers. Fig.4 shows the ba- 
sic idea. 

Finally, if strong signals on one or 
more channels cause receiver over- 
load (as indicated by an interference 
pattern), try fitting a tuned attenuator 
for the offending channel(s). This 
should be fitted right at the antenna 
terminals (ie, before the masthead 
amplifier). 

А 1/4-wave stub makes a very effec- 
tive tuned attenuator. This is simply a 
length of coaxial cable cut to exactly a 
1/4-wavelength of the offending chan- 
nel. If the stub attenuates the signal 
too severely, try making it slightly 
shorter until you get the desired re- 
sult. 

Another approach is to initially cut 
the lightly shorter than 1/4-wave- 
length and then tune it towards reso- 
nance using a trimmer capacitor across 
the far end. Just keep on experimenting 
until you get it right. sc 
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Same software bundle as Scanmate| by connecting via parallel port (no interface card] LI 
Colour & ipse ‘card. € Bonus чё nanii eee a bile res Dye ер Es пев, QUT 

[E ele s nic $ ‘colours and Digital AVI mation Video (up to 8 fps laster PnP: integratec 
Moreh Eco асмо зоо pokes. ЖАШ TERET 120). eUp to 640 x 480 resolution} $229 28,800/V.34/Fax @ 
Automatic controls. Use it for: Multimedia] 1. $238 Modem, Sound Blaster 


Productions/Video conferencing Product pictorial] I. е 3260 
EPSON GT-5000 COLOUR (зге ес ceteneno Product pict $275 


LOW COST BUT HIGH QUALI е $220) 2.5GB 1 lesktop commulcations, multimedia an 
1200 dpi, 24-bit colour sytem ALT охоо 120/150 Speed Rat РО Ма AEW E909 1GB SCSI HD. educational system. 

pee E cd cM ED ыла а 

durat interface card and меб £ | БҰТЫ” tonics СА PME BLISTERING 


Cable for PC systems. PENTIUM" 133MHz® | 
Software includ РЕТШ 33.6K bps 


4 С РЕ 2) 
IMAGE-IN EASY 73 89 UM - 2 Nie Ed [AVAILABLE NOW 
PACK" for image editing, тоғы smm 35 $33 Ca No8620 
ОСА and Colour Photocopy IM x 9-70 Weh Party 2a pnm FAX/DATA INTERNA 
LOW COST *SINGLE-PASS /200DP! 25 x ronan E ТАСЫ a bh ‘ust surf the internet, blitz t! 
MONITOR RANGE? 5 7 $45 -100% reliable data transfer with V.42 his/ 
All on display at all Stores iai ар 9 5 o MNP *Protocol- V.34+, ITU-T V.34, 
1020768 (028mm D?) Full Scan .... S: с йу 85 HA ТЕЙ M32 bis (DATA), ITU-T V.17, V29 (FAX) 
18 Analogue IRAIN па): $499 K ЖҮН Data compression- V.42 bis, MNPs 
15" XGA Digital low fadiaton 80000 .. $559) + *Internet starter kits for Ozemail and 
15" XGA OSD 9004 ._ $619 < Latest RAM technolog CompuServe Pacific. With user manual & 
= 17- XGA Digital MPRII mdti — $999 Bg ГИН A іг гг: нот New тем! 
x 5 PRICES!! MODEM SPECIALS: 
(0.26mm Doe Pech) $1395| 22 NEW PRICES! HU HMMM 26. 8x bos INTERNAL 


= 20° XGA Di RIL NEW? ..... 52099 Т $189 MOTHERBOARDS WITH 
2І"ХСА AAT screen $2795 399 $. $395 TRITON CHIPSETS. 28.8K bps EXTERNAL 


OSD - On screen display STYLUS COLOUR = PTY: 
г. STYLU! 9 b 
MULUIMEDIA UPCRADE an Huntin НЕЕ не ROD IRVING ELECTRONICS? 
аса NEW EPL-SSOOW 600dpi laser. $699 | ESTABLISHED SINCE 7977. 100% AUSTRALIAN OWNED ACN 003 428417 
t] 2 ү Hex Speed. $279 NEN 3 HEAD OFFICE: NORTHCOTE: VERMONT: BLUESTAR COMPUTERS: 
: sers Gone No ram or CPU. uses your compute He em тал COMPUT 
Octa-Speed$ 369 Ll: Sé Reaver Rd Clayton, 423 High St lt aroondan Hwy. 
Vicora 3168 Ph: (03) 9489 8866 Ph: (03) 9874 8888 (Алема 
10x-Speed. $469 |e Digital tracking joystick e Works РЕ (03) 9543 7677 Fact03)94898I31  Fac(03)98742288 | er 9570 1200 
X E |with Wi idows or DOS-based game MELB CITY STORE: BOX HILL: OAKLEIGH: |Fax-(03) 9879 3027 
Т Baie Precise 8 swift response 48А Весе бе Ску. 1031 Maroondah Hwy. 240C Hurtingdale Rd. 
Жез; ME nudes C120, |Pri03) 96636151, Ph- (03) 9099 ony” oe (03) 9565 8939 | TRADING HOURS: 
CDS > cD- Fax(03)9639 1641: Ғас(03)9899015: (03956289009 |MonFri Sam- 
the hottest gamein £X ETJ 0 аео: Opus Pam Jpn frr 5.30pm.Sat 9am- Ipm 
town! ADELAIDE: 241-243 Wright Se. Ры) 2117200 Fec(03)211 7272 
Somer: 74 rare he sanmore FRAO) 2191880 FEES EIL 2 
Tax Exempt sues: RITRONICS Ph (03) 9543 2166 Fax (039543 2648 
IE BULLETIN BOARD Pk: (03) 9362 7677 Por Spese info аи 
эз $55; Й WWW site: http://www.rie.com.au/—rie p 


H E-MAIL: rie@ozemail.com.au E 
H К Н X EMAIL ORDER: Ph:(03) 9543 7877 Fax:(03) 9543 8295.5 
14.95 5 Mail Order Hotline 1- 800 33 5757 й 
бетаг of the Intel Corporation. Microsoft is registered trademark of the Microsoft Corperatians 


“ERRORS. E Gi SS! ON SEX GEAT En, PRICE HANEE wit UPHOLCE 


RELIABLE 
BACKUP POWER 
SUPPLIES FOR 
YOUR VITAL 
DATA 


Here's a series of UPS that you can rely on with complete confidence. 
They give more than sufficient time to back up all vital data in event of 
brownout or blackout. Even unattended networked system are protected 
by the Poweralert software that automatically shut down systems. 


Cat Мо. Specs WAS NOW 
X11142 250VAC $399 $369 (А 
Х11144 450VAC $499 5469 ly 
XI1148 675VAC 5649- $599 || 
Х11150 1050УАС $999- $899 um 
X11152 1400УАС $1399 $1299 5%" 


UPSONIC 280УА . STAND 

UNINTERRUPTIBLE POWER SUP! 

The STATION 28 offers cost effective back 
up power protection for your computer, 
network or other sensitive electronic 
equipment. Low voltage brownouts and 
even blackouts аге no longer a source of 
worry as the built-in battery provides 
continuous, spike and surge free power at 
* constant 240 vole The bui battery | АЕ 


supplies enough back-time for an orderly AUSTRALIA MOST 


ROD S HOTLINE 
800 33 5757 
MAIL ORDER 1. CALLS: (03) 9543 7877 


Features 

* Built-in protection against surges and spikes, RF/EMI line noise filtering-prevents interference 
(ie. fans, motors, lights and radio transmissions) from affecting your computer 

* Protects against brownouts by switching to battery power when incoming voltage dips 
below 101 volts AC (178 volts on INT models) 

* Up-front diagnostic LEDs and alarm advise user of operating conditions and battery status 

* Effective and efficient pulse width modulated (PWM) output provides maximized battery run 
time 

= Microprocessor control of on-board operations (including self-test on all models 450 VA 
and higher) 

* A restart delay of several seconds prevents damage to computer due to after-blackout 
rolling surges 

= Patented SoftStart™ eases startup from battery power without substandard AC voltage 
(sags or surges) 

* Network monitoring interface(BC Pro models only). BC Pro models work with cabling and 
PowerAlert software to support SNMP-2 and the unattended shutdown of any network 
operating system 

* Automatic Inverter Shutdown. 20 seconds after your fileserver or workstation has performed 
an unattended shutdown using optional PowerAlert software, the OmniPro also powers 
itself down to save battery power and extend battery life 

* $25,000 Ultimate Lifetime Insurance 


CERTAINLY NOT WORTH 
JUST $349- PROBABLY 


THOUSANDS IN TERMS OF 
DOLLARS! WHAT IS YOUR 
DATA WORTH? IDEAL FOR 
HOME SYSTEMS. 


shutdown offering peace of mind forevery AFFORDABLE UPS 


computer user. 


...another quality 24-bit 
flatbed scanner from EPS! 
Capture Images the Easy Way 


Features: 
i| • 300 x 300 dpi scanning resolution 

* 1200 dpi output resolution 

*24-bit colour system 

* Fast single-pass scanning mechanism 


For Windows-based PC system: 

* High speed bi-directional parallel interface 

* Parallel interface card and cable for standard 
PC 

* "Image-in Easy Pack" contains image editing, 
OCR and Colour Photocoopy software 


pes 
ом C 


ШӘ 4333 УЛУ 
INGLES 29191; 


$795 


ex tax 
X17138 
$895 


tax inc. 


PARALLEL 
INTERFACE 


For Macintosh system: 
* SCSI interface 
* Photoshop LE for Macintosh 


X17138 $882 tax ex 
1050 tax inc 


16550 HIGH SPEED UARTS 


High operating speed 16 byte transmit 
& recieve FIFO buffers 1.9 
Cat No. U22187 


16C650 
High operating speed with 32 byte transmit 

& receive FIFO buffers, programmable 4 0 
Xon-Xoff characters and sleep mode 
Cat No. U22188 


$15.95 $13.95 


10-- Simm 


$23.95 $21.95 


10MM 


Litt 
10+ 


Jaz drive is the ultimate choice in 
removable hard drives. Imagii 

ing 1 gigabytes of dala as 
easily le as your hard disk 
drives! And it's also... 
e Portable- just carry it around and 
transport/exchange information with 
other systems. 
+Faster than most hard drives at 
(substained rate) 3.77 - 6.73MB/ 
Sec. 
Perfect for professionals who work 


in the field of advertising, video, 


networking 
Use one Jaz disk to: 


*Save over 6 hour of CD-Quality 


Sound 

SPECIFICATIOI 
Transfer rate 
Substained: 3.77 - 6.73 
Average: 5.53MB/Sec 
Seek Time: 175 
Cache: 256K read/Write 


cii898 1 GIG 
$2 


CARTRIDGE. 


An amazingly tiny card 

28,800bps modem designed for 

notebooks. Connect to standard 

telephone line PLUS connect to 
our *mobile phone! 


included. «Standard 


"Supplement your existing hard 
drive with expandable storage 
*Perform non-linear editing on 
broadcast quality video for 
commercials, special-effects 
sequences and animations 
Develop and master CD-ROM |p 
applications 

*Backup your entire hard disk 
system on one disk quickly! 
*Collect 150 colour photos in 
yout very own digital photo 


$1295 


99 TAXING 


'C card compatible « QuickLink Il 
lows Data and fax software 
telephone 
‘connection cable supplied. 
Data: + 28,800bps data transmission 
with full auto al-backto 300bps «ITU 
V34bis, V.32. V.22bis, V22, 
V21+V.42 error correction +V.42bis 
data Compression -MNP10 Error 
control for cellular use « Downloadable 
Flash Memory «Hayes Autosync. 
Fax: +28,800bps to 4,800bps fax 
transmission «Class 1 & 2 ax modes 
Group Il fax compatible 
+= Background operation of faxes 


к; ROD S HOTLINE E. 
61-800 33 57 


“рү ESTABLISHED 
7 PN SINCE 1977 


ACN. 005 428 473 


9543 7877 


Features BUS Slots 
CPU + Provides four 16-bit ISA Bus slots and three PCI Bus slots, 
* Support Pentium™ Microprocessor PSC/CT/CS/COS,PSSC;Cyrx™ — 
Microprocessor,AMDSKB6™,AMDKS™ Microprocessor. Flash Memory 
+ Provides 321-pin ZF socket. (socket 7) + Supports PnP mode for BIOS function. 
Green Function PCI Enhanced IDE Buit-in On Board 
* Supports power management operation via BIOS. * Supports 4 IDE hard disk drives. 

Power down timer from 2 Mins to 30 Mins. * Supports mode 4, Master Mode, high performance hard disk 
= Wakes up by any key pressed or mouse activity. drives. 
* Green mode selection via software or hardware. * Supports IDE interface with CD-ROM. 

* Supports high capacity? hard disk drives, 

Speed = Supports LBA mode. 


* Supports CPU bus clock from 50 MHz to 66 MHz ilt-i 
* Supports 25127.5130133 MHz PCI BUS speed. ISA VO Built-in On Board 
залалдың * Supports one mutti-mode parallel port. 
* YO clock BMH tor ISA Bus. + (1) Standard & Bidirecion Parallel Port (SPP). 
+ (2) Enhanced Parallel Port (EPP), 
pepe Shadow RAM * (3) Extended Capabilities Port (ECP). 
2 * Amemory controler that provides shadow RAM and supports 8-bit * Supports two serial ports, 16550 UART' with 16 Byte FIFO. 
The board incorporates system board, БА /0, PCIIDE ° ROM Bios * Supports 360KB, 720KB, L2MB, 1.44MB and 2.88MB floppy 
in one board that provides all the PC solutions. The disk drivers. 
mainboard is a Pentium” micro processorbasedPC/ DRAM Memory + Supports one Infrared transmission(IR) . (optional) 


AT system, supports 256KB to 512KB cache with ISA» supports 2banks (4pcs) 72-pin 4М8/8МВ/ЛӘМВ/32М8 SIMM mod- . Supports PS/2 MOUSE. 

Bus and PCI Local Bus to upgrade your system ule socket 4 Д 

performance. It is ideal for multi-tasking and fully + Supports DRAM memory 8MB to 128MB on board, Universal Seriai Bus 

Supports MS-DOS, Windows, Windows NT, Windows > Supports EDO,BEDO, & FP MODE DRAM. * Supports two Universal Serial Bus (U.S.B) Port. (optional) 
95, Novell, 05/2, UNIX, SCO nix tc This manual = Supports Symmetrical and Asymmetrical DRAM * Supports 48 MHz USB (optional) 

also explains how to install the mainboard for operation, А 

howto sup your GMOS configuration wh Bios soup Cache Memory Dimension 


program. * Supports Pipelined Burst SRAM up to 512KB. * 22emX22em(Wx.) 


TOOWATTS RMS | Speaker Terminal Xe 


-Rei Nh 
ES > 
SNEWS L f ] 
Y ч ONE 7 | ePassive type 
ї 63.50). P10328 <<” © Plug to socket 
SCOOP PURCHASE, ^ through configuration 


Plastic housing 
24k gold plated pins 


90 Pin IDC Internal 
Terminato 


@ Passive type 

@End of line 
terminator 

Ф Plastic housing 

Ф24к gold plated pins 


Also available in Black - P10329 


* With black frame 
* Dark grey cone 
and silver dust cap 
* Rubber mounting 


eal асе 
Seal Foam edge cor CATIONS: 
Sensitivity: 955dB 
Frequency Resp: 30Hz to 6.8Hz 
Impenance: 8 ohms 
Power RM: 100 watts 


Magnet Weight: 30 ounce 
; PENG? ME ER hs dm Ten. CES 
Microsoft Office 3 Pack тале wit ee 50! 


30 тел ectors. 
The Microsoft Office 3 Pack for Small Business | P32183 Male to male 75 ohm TV "увай, $10.95 


is а new fully packaged upgrade product that | paotas ee ed $1495 


includes Microsoft Office for Windows 95 im i. 
Standard Edition and two additional Microsoft | «OrC - Oxygen fes Comper ee 

Licensed for three PCs. All connecting cables п the Monitor Q range use only 
The Microsoft Office 3 Pack is all you need in one the finest Oxygen Free Copper with a purity of 99.995% 


in combination with Monitor Q's high quality gold plated 
Value pack. Check out these great benefits. Connectors. This cable ensures wide frequency 


© Lets you upgrade and get Properties together with low distortion sound signal. 
legal at the ti ith " 
те xa Lense p MODULAR SOCKET TO 25 PIN 
reemens; ! 
Contains Australis most j "D" PLUG ADAPTO 


popular suite of business E Phone/Modem adaptor Cas12 


LEADS IN Mi ES: 


X15699 


39.95 


‘software Microsoft Word | 25 Pin "0" series plug to a 6 way 6 

95, Exel 95, and Schedule 9 wire modular socket. Connect PS/2 keyboard 

95: 1 z Ай pins and contacts are gold to standard 

ee а gom: plated. RL Motherboard Keyboard 
5 connection. 


Easy to learn and use and; { 4 Also available: Modular Socket 4 
Так deductible for business. “ S232 Socket Modem Adaptor 


use, X15712 $10.95 


жада ORSON PIED PRICES CHANEL коду NOTICE 


15678 


59.95 


$10.95) 


ESTABLISHED 
SINCE 1977 


A.C.N. 005 428 473 


jg FE £X. © HOTLINE| 
CHI S60 ЕЕ 5757 


MAIL ORDER LOCAL CALLS: (03) 9543 7877. 


PLEASE SEND ALL MAIL ORDERS TO: MAIL ORDER DEPT, ROD IRVING ELECTRONICS PTY. LTD., 


Descr 
VOLTAGE REGU 

ЕП 480 SOW AMP 

ЕП 480 100W АМР. 

ЕП 480 POWER SUPPLY. 

BALANCED MICROPHONE AMPLIFIER 

GENERAL PURPOSE AMPLIFIER 

BALANCED МИЛ DEFERENTIAL PREAVE - 

FLOAT МСА CHARGER. 

TRANSISTOR TESTER 

QW PLAYMASTER AMP 

2 TONE ALARM .. 

15V TO SV DC CONVERTER -- 

3 DIGIT COUNTER....... 

ELECTRIC ЕМЕ... 

TV PATTERN GENERATOR 

UNIVERSAL POWER SUPPLY 

LED SCANNER 

LOW FUEL INDICATOR FOR CAR 

SCREECHER CAR ALARM 

12240 LIGHT CHASER 

‘THERMOSTATIC SWITCH FOR RADIATOR FANS: 

VO ADAPTOR FOR PC's 

TAM ТААС TRIGGER (SHORT FORM) - 

DAQVAC TRAC TRIGGER (FULL FORM) 
PUT BUFFER & RELAY DRIVER 

LOW COST SIG. TRACER/AMP 

STEREO FM TRANSMITTER. 

LOW VOLTAGE CUTOUT FOR CAR BOAT ~ 

IN.CIRCUT TRANSISTOR TESTER 

VHFPOWERMATCH 

TEMPERATURE PROBE FOR MULTIMETERS 

18ү / TAMP BENCH TOP POWER SUPPLY 

INVERTER 2XW (NON ASSEMBLED) 

INVERTER 2KW ASSEMBLED & TESTED 

LOW OHMS METER е 

TEMPERATURE ADAPTOR 

VOICE OPERATED RELAY 

IGNITION KILLER. 

HEADPHONE AMPLIFIER 

VIDEO RF MODULATOR 


90 SECOND MESSA 
TS SECOND MESSA 
CONTROL STEPPER МО 
EGO TE 


SWAE LED OSA 
LEVEL GROSSING DETECTOR FOR NOEL RAS uas 


LOCKED BAG 620, ROSEBANK MDC, CLAYTON SOUTH, VIC 3169. 
К10560 DIGITAL VOLTMETER FOR CARS. 


DIGITAL TACHOMETER FOR CARS: 
COOLANT LEVEL ALARM 
STEAM TRAIN WHISTLE & DIESEL HORN SIMULATOR ` 
BUDGET PRICED TEMPERATURE CONTROL 
МЕРЕН DIMMER FOR INCANDESCENT TANS 
NCAD ZAPPER 5 
GONNO-GO CRYSTAL CHECKER 
CHAMP PRE-AMP 
MINIVOX VOICE OPERATED RELAY 
AUTO DISCHARGER FOR МСА BATTERY PACKS 
TALKING HEADLIGHTS REMINDER 
BEGINNER'S VARIABLE DURL-RAIL POWER SUPPLY 
CUFFORD-A PESKY LITTLE ELECTRONIC CRICKET 
3-SPOT LOW DISTORTION SINEWAVE OSCILLATOR 
A BUDGET PRICED "SHOESTRING" STEREO АМР 
DIGITAL EFFECTS UNIT FOR MUSICIANS 
DIGITAL TRIGGER ADAPTOR FOR SCOPES -— 
A PHOTOGRAPHIC TIMER FOR DARKROOMS 
LCONOMY SURROUND SOUND DECODER 
LOW COST TRANSISTOR TESTER/MOSFET 
PC- DRIVEN ELECTROCARDIOGRAM 
IMPROVED FLEXITMER МК? 
LED BATTERY VOLTAGE INDICATOR. 
JACOB'S LADDER DISPLAY (Wehout Cai] 
JACOBS LADDER DISPLAY Win Coi) 
FAST CHARGER FOR NCAD BATTERIES 
MODEL TRAIN CONTROL WITH SIMULATED INERTIA. 
A MIXTURE DISPLAY FOR FUEL INJECTED CARS 
GEIGER СОЛЕТА 
ENGINE IMMOBILISER 
LOW COST FIVE BAND EQUALISER 
SHORT FORM Low Со Mer asd ESR а Low OHS MARS 
PC DRIVEN EGO SENSOR ANALYSER... $3045 
SMART DUAL 12V BATTERY CONTROLLER 
LOW COST RE TEST OSCILLATOR 
}OBOSCOPIC TUNER 
HIGH VOLTAGE INSULATION TESTER. 
STEAM WHISTLE FOR MODEL BOATS & TRAINS. 
BUILD A LOW OHMS TESTER FOR YOUR ONM 


БОМ AUDIO AMPLIFIER > 


РСВ SOW AUDIO AMPLIFIER TATSIA 


КШ S230 FOR COUNGDORE 34 


AVAILABLE SOON 


LOW COST POCKET SAMPLER 
KI ELECTAGN STARTER NT FON FUORESGENT 


ELECTRONIC STARTER [ШШ Т ЕТА Лу. БІЛІП 


FOR FLOORESCENT 


Do you füorescentlamp goes binky-blink 
blink blink when you turn them on? Or do 
they flash to blind you and then plunge. 
you into darkness? Solve these problems 
With this electronic starter kit which gives 
агар start every time. It fts in a standard 
starter case so the lamp wiring does not 
have to be altered. $C AUGOS 
LOW COST RF TEST OSCILLATOR 


Alowcost RF oscillator design that is 
suitable for checking and aligning HF 
Tadios and other equipment operating 
between 350kHz and 30MHZ 
Features digital frequency readout, the 
ability to provide either CW or 
modufated output and also audio and 
1 MHz reference signals from auxiliary 
outputs at the rear. EA May 96 


is compact PC-driven analog sampler 
requires no batteries or power supplies. 
it uses power from the PC, supplied to 
it via the parallel port. It allows you to 
jonitor voltage changes over periods 
ranging from miliseconds to months. 


This auxilary battery manager Mis 
full advantage of a dual battery setup's 
capabilities, by controlling when and 
how the "axillary" battery is connected 
10 the electrical system. It's fully 
automatic, will cost you far less than 
an equivalent commercial unit, and is 
particularly suited to the new breed of 
Geep-cycle auxilary batteries 

EA JAN'96 


PC- DRIVEN. 


ELEC TR OCAEDIOGRAM 


This circuit wil mobilise your 
carif athief tries to startit. Fit it 
to your car as cheap insurance. 
If a thief tries to steal your car, 
the engine wil repeatly stall and 
he will moveto easier pickings. 

SC Doc'95 


This simple project will let you take your own 
slectrocardiograph, and display it on aPC. With the 
software supplied, you can read, display, save to. 
disk and print the electrical waveform generated by 
your own heart (or anyone else's). Powered by а 9V 
battery and electrically isolated from the computer, 
the PC-ECG is a safe, low cost way to monitor the 


electrical activity of the heart EA JULY 95 


This low Ohms Tester plug directly into 
a digital multimeter and can accurately 
measures resistances down to 0.014. 
Its easy to build and runs off a 9V 
battery. 5С June 96 


PC 
DRIVEN 
E. 

= Sensor 


With car engine management systems 
becoming more and more 
sophisticated (and complex), it is 
getting increasingly difficult to find out 
What's happening "under the hood’ 

This low cost analyser, combined with 
any IBM PC and some special software 
can provide a large amount of 
information on your cars performance 
EA JAN 96 


A MIXTURE DISPLAY 
FOR FUEL INJECTED 


This simple project allows you io 
‘monitor the fuel mures being run 
by your саг You can also изей as 
а tuning tool, to help in vehicle 
modification, or simply to see the 
behaviour of the engine control 
module. It is based on an LM3914 
chip and ten LEDs SC Моу95 


Does your latest 

model seem to be 

lacking something? This compact 
circuit can provide your model with a 
distinctive steam whistle sound, giving 
your mode that xtra touch of realism, 
EA Ju 


eet This 


supplies, TV receivers, 
computer 

monitors 

Vintage radios, 

ог similar equipment, and/or if you 
need to measure very low values of 
resistance, this project can save you 
lots of time and aggravation. tt 
measures an aspect of electrolytic 
capacitors performance which is ve 
important, but normally very difficul 
to check: the equivalent series 
resistance, or ESR” EA JAN 96 
|MODEL TRAIN CONTROL 
WITH SIMULATED INERTIA 
This simple, low-cost train controller 
uses a very efficient phase control 
system to regulate the speed of your 
‘model train, giving better load-speed 
regulation. also simulates inertia and 
momentum, making the tran run much 
more realistically. Together with a 
couple of other features 

this makes the 

controller. a 

worthwhile addition to 

almost any layout. 


HIGH-VOLTA 
INSULATION Fester 


ES 


сап measure 
from 1-2200 
gigaohms. It is 
battery powered 
and displays the 
readout on a 10- 
stp — LED 
bargraph display 
SC MAY '96 


STROBOSCOPIC 
TUNER MK3 


third 
incarnation of а 
cheap and simple 
device to help tune 
musical instruments 
uses standard-off- 
the-shelf 
‘components. It will 
tune over the full 
chromatic scale and 
covers a generous | 
seven — octave 
spread. EA May'96 


LOW COST FIVE 


BAND EQUALISER 
Liven up your keyboard, guitar or 
music system with this 5-band 
equaliser. I only uses a few low cost 
parts and wil enable you to 
“customise” the sound of your 
system just by twidding a few knobs 
SC 0ЕС95 


ESTABLISHED = OD S HOTLINE 
SINCE 1977 ВОО 33 5757 


MAIL ORDER LOCAL CALLS: (03) 9543 7877 


Ergonomically designed to fit 


^ Ч $189 PENTIUM [33MHz...... $499 
j the way your hands' natural < 3299 PENTIUM ISOMHz ... $645 
Position when у; SEE: ^j | PENTIUM I20MHz......§369 PENTIUM Ió6MHz .... 5849 


are typing. B AVAILABLE ON ORDER THROUGH 


Reducestress! 2) М <4 OUR STORES OR BY MAIL ORDER 
Enhanced U.S. ! > -- Без 

english 104 у = . DESCRIPTIONS 

board layout DURS ue. 


[ p 
High Speed i/0 .. 
ADAPTEC SCSI 16bit 15; 


16bit МЕ2000-- 


These CPUs represent great value-for-money! With performance and speed that are on par Fana са озата UE е 


with the best in the market. Acheive increased productivety without spending a fortune! =: Ер Printer 2-Port Sict Lpt 1-2 Card 
Printer Port Sict Lpt 1-2-3 Card ... 
Processor Part | Performance  Bus/Clock | Marking X18141 High Speed Serial Card 1-port 16380 
Rating Speed on CPU High Speed Serial Card xt 16550AF! 
bi High Speed Serial Card 4-Port 16550АҒМ. 


CYRIX CPU NEWI! Dual Speed 16650 UARTS modem chip 
ЕН Si ES 
6x86-P133+GP 55/110 MHz 
66x86-P150+GP 60/120 MHz | Р150+ Aerie Rr LS ЕНЕНЕ. 
6x86-P166+GP 66/133 MHz | P166 "Ethernet. [ry B Coax (BNC, АШ) 


IBM CPU 
U21003 | 6x86-P120+GP | Р120+ 50/100 MHz 100/6x86 


U21007 | 6x86-P150+GP | P150+ 60/120 MHz 120/6x86 $399 $579 
[zz X18195 УЕ5А 

Microsoft NEW COMPUTER POWER |... PE IMSA TROEN SAIN 
FrontPage SUPPLIES PARTS X18206 


ГС Cao. Description 1-9 10+ |4907 


Get your internet jj: 
pe T90764 2504242 $3.95 $2.95 |xi8209 


site up and runinng 


fast the easy way 2802810 $3.95 $2.95 |18183 $ 
MU | 220uF200Vot 52.50 $1.95 |21819 EXC ETHERNET 1 
Designed for non- $ Electro MET 2MB 

Programmers, yet 2 710468 Тиіп Diode 52.95 52.50 |Хі8212 


robust emough for 4 
the professional Web developer. “Хо 
need to know HMTL* Wizard guide you 
through creation of pages 
* Automatically verifies 
and updates links 

and more 


821 
TL494 $295 5250 |*18214 


LM339 $0.80 $0.70 | xissio 


i; 190318 805080 $5.50 $4.50 
11 T90330 . BUZ90A $9.95 $8.95 
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Part 4: 


making accurate measurements 


bad 


N 
e. 


cilloscopes 


The oscilloscope is a wonderful measurement 
tool but if it is not used carefully it can give 
highly misleading results. You can achieve the 
full potential of your scope but only if you know 
what you are doing. This article gives some good 


tips on oscilloscope use. 


By BRYAN MAHER 


Say you have invested hard cash in 
a good quality oscilloscope. It looks a 
beautiful instrument and the specs 
guarantee it to be accurate within 2%. 
Wow! And its bandwidth is wide 
enough to make your friends drool. 

But a scope is only a tool, no matter 
how glossy the literature. If you don’t 
use it properly you will be disap- 
pointed with the results. 

Let's start with a simple DC meas- 
urement, using the circuit shown in 
Fig.1(a). If we read the DC voltage at 
point D, a digital voltmeter (DVM) 
gives a reading of +4.9V. If we then 
connect the oscilloscope via a 1x 
shielded probe, the deflection on the 
screen is likely to indicate only about 
+4.17V. Which is correct? Clearly that 
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scope probe is loading the source of 
this measurement, pulling the voltage 
down! 

“Source” here means any part of 
circuit at which we make a measure- 
ment. In this case it is point D in Fig.1. 
And “source resistance” or “output 
resistance”, denoted by Rs, means the 
ratio of the change in voltage at that 
point (caused by attaching the probe) 
divided by the minute current drawn 
by the probe. 

This is denoted by the expression: 

Rs = (Av/Ai) О. 

Because it is a voltage/current ratio, 
we call it resistance (ohms), even 
though it is a calculated quantity. Only 
rarely is Rs a single physical compo- 
nent. Nevertheless Rs does have the 


ability to upset the workings of a cir- 
cuit. “Delta” simply means a small 
change in any quantity. 


Equivalent circuit 


The equivalent circuit, illustrated 
in Fig.1(b), reveals how this loading 
effect occurs, The input resistance of 
the direct 1x probe connection is just 
the 1MQ resistor within the scope, 
which we have called R1 in Fig.1(a). 
R1 and Rs actually form a voltage di- 
vider, so the scope sees only the volt- 
age at D, which is the true voltage of 
the source reduced by the fraction 
(R1/(R1 + Rs)). 

Typically, a digital multimeter has 
an input resistance of 10MQ so using 
it has a less deleterious effect on the 
voltage. This is why the DMM reading 
is higher, at +4.9V. 

You can calculate the value of the 
source resistance Rs in this case from 
these measurements and the defini- 
tion given above. It works out to be 
about 200kQ whichis reasonable for 
this particular op amp circuit. 

Let's define V as the unloaded out- 
put voltage of the source; ie, the po- 
tential at point D when neither the 
scope probe nor the DMMis connected 
to it. Using the voltage divider equa- 


tion, the voltage Vpat D when only the 
1x probe and scope is hooked on is: 
Vp = У(К1/Е1 + Rs) 


= У/1.2 

The scope reads Vp as +4.17V, so 
the unloaded output voltage at the 
point D is: 

У = (1.2)(4.17) = 5V 

The relatively low resistance of the 
scope input was the cause of the load- 
ing effect. It loaded the source and so 
caused the oscilloscope to read +4.17V 
instead of the true +5V. 


Measurement rule-of-thumb 


The cure for this loading effect is 
now obvious. The test instrument 
should have an input resistance much 
greater (preferably 100 times greater) 
than the output impedance of the 
source to be measured. A 100 times 
factor would limit loading errors to 
about 1%. But practical aspects like 
price, availability and frequency re- 
sponse will limit our selection of scope 
probes. 

А common favourite, the 10x probe, 
as illustrated in Fig.2, is an excellent 
choice in most cases. This type of 
probe contains a 9MQ resistor called 
Rp. Therefore the total probe connec- 
tion resistance, Rin, is equal to Rp in 
series with the scope input resistance, 
R1. That is: 

Rin = (Rp + R1) 
= (IMQ + 1MQ) = 10MQ 

If we substitute this 10x probe in 
the measurement shown in Fig.1, the 
oscilloscope would display a deflec- 
tion of +4.9У, the same as the DMM 
reading, a satisfying result. 


High voltage measurements 


Fig.2 shows a second important use 
of the 10x probe. Here the source re- 
sistance is quite low (due to negative 
feedback) at the collector of transistor 
Q1 so loading is not a worry but the 
high voltages are! In this case we can 
use the fact that Rp (in the probe head) 
and R1 (in the oscilloscope) form a 
deliberate voltage divider. Any volt- 
age which we apply to the probe tip 
will be reduced at the scope input 
terminal. The reduction fraction is: 

Voc = R1/(Rp + R1) 
1MQ/(9MQ + 1MQ) 
= 1/10. 

That's why this probe is known asa 
10x, because it produces a 10:1 volt- 
age attenuation. 

In the circuit of Fig.2, the high volt- 
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(b) 
Fig.1: this dual phase amplifier (a) has a 5V output at point D where the source 
resistance is 200kQ. But clipping the 1MQ probe onto this point pulls the voltage 
down to 4.17V. The equivalent circuit (b) shows that the source resistance Rs 
forms an unwanted voltage divider with R1, the input resistance of the 1x probe 
and the scope. This reduces the voltage seen by the scope. 
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Fig.2: the 9MQ probe resistor Rp and the 1MQ scope input resistor R1, form a 
deliberate voltage divider. This reduces the voltage at the oscilloscope input 
terminal to one tenth of that at the probe tip. 


age of the supply (+450V) rules out 
use of the 1x probe and forbids direct 
connection to the scope’s input. But 
the 10x probe is suitable, provided it 
has a voltage rating above 450V. This 
probe will reduce all waveform 
voltages to one tenth and the DC volt- 
age at the scope input will be no more 
than +45V. 

By dividing down the signal, the 
10x probe effectively multiplies the 


V/div calibration on the attenuator 
switch by a factor of 10. So a 5V/div 
setting now means 50V/div and eight 
vertical divisions on the screen will 
correspond to a 400V range. Hence 
this 360V signal fits within the 
graticule limits. 

Many top line scopes can sense 
when the 10x probe is connected to 
the modified BNC input terminals. 
Then internal logic circuits multiply 
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Fig.3: source (a) has output resistance Rs equal to 500 at point D. 
The high frequency equivalent circuit (b) shows that Cp forms an 
unwanted voltage divider with Rs. Cx represents the combined 
stray capacitance of the coaxial cable and the scope input. 
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Fig.4: the amplitude response of an oscilloscope falls at high frequencies. At 
full rated bandwidth, the response is -3dB or 30% lower than it is at low 


frequencies, 


the on-screen readout by 10, to cor- 
rectly display the voltage value at the 
probe tip. This facility is not provided 
in cheaper scopes and nor does it work 
when a scope is used with a probe of a 
different brand. 


Safety precaution 

Though the oscilloscope is safely 
working on reduced input voltages 
(because ofthe attenuation by the 10x 


AC COUPLING 


e 
01 
t^ B 
П 
OSCILLOSCOPE. 


INPUT 
SIGNAL 


Fig.5: With AC (capacitive) coupling, 
the signal passes through a high pass 
filter. This will reduce the amplitude 
of low frequency signals and distort 
low frequency pulse waveforms. 
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dx 1M 350V = 
30x том 600У ШІН 30V @ 20MHz 
100x 10M 1.5kV 200kHz 300V @ 20MHz 
1000x 100M 20KV 100kHz 2kV @ 20MHz 
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probe) we must be aware that the probe 
tip still carries a lethal 360V! For safety 
we must keep the amplifier 0У line 
connected to the scope frame and to 
mains earth. And we never unplug 
the probe from the scope while the 
probe tip is still hooked onto a high 
voltage point. 

All probes which contain only re- 
sistors and capacitors are called pas- 
sive and oscilloscope manufacturers 
market a range of higher resistance 
units. A few of these are listed in 
Table 1 but not all probes on the mar- 
ket have voltage ratings as high as 
those shown here. 

Direct 1x scope probes have only a 
small series resistance so they cause 
little attenuation of the signal being 
measured. They are useful for the dis- 
play of very small voltages of low 
frequency signals, when measured at 
low impedance points, such as the 
outputs of op amps. 

Some less common sources, like 
biological assay electrodes, have an 
extremely high output resistance. To 
display signals from these, active 
probes are required. Typically, these 
employ IGFETs and other active cir- 
cuitry to provide an input impedance 
of 10GQ and zero input capacitance. 


Oscilloscope bandwidth 


Another scope parameter which 
new users often have difficulty com- 
ing to terms with is bandwidth. This 
could be easily measured if you had a 
synthesised RF signal generator with 
an output of 5V over a frequency range 
from 100kHz to 250MHz and an out- 
put impedance of just 50Q, You might 
think that such a wideband source 
could easily demonstrate a scope’s 
bandwidth. Would you just connect 
the 10x probe to the generator and 
then sweep over the frequency range? 
Fig.3 illustrates the setup, with the 
probe’s internal resistance and capaci- 
tance shown. 

However, you might be disap- 
pointed to find that, when the gen- 
erator was set to the advertised band- 
width frequency of your high perform- 
ance scope, say 250MHz, the vertical 
deflection is only half what it should 
be. So what does scope bandwidth 
mean? 

The bandwidth of any oscilloscope 
is that high frequency at which the 
response has fallen to 70.7% (-3dB), 
compared to the reference frequency 
value, as illustrated in Fig.4. This 
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Taken from a Tektronix TDS360 digital oscilloscope, this screen printout 

shows the effects of incorrect adjustment of 10x probes on the scope’s internal 
1kHz compensation signal. Channel 1, the upper trace, shows too much probe 
capacitance (over-compensation) while the channel 2, lower trace, shows 
insufficient capacitance (under-compensation). The correct probe compensation 
adjustment would show a square wave with “square” corners. 
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This scope printout shows the effects of DC and AC coupling on a pulse 
waveform with uneven duty cycle. Channel 1, top trace, is DC coupled and it 
can be seen that the voltage swings equally above and below the zero reference 
line (solid horizontal cursor). Channel 2, lower trace, is AC coupled and the 
waveform has floated down with respect to the zero reference line (dotted 
horizontal cursor). 


LH зу 


shows that the response of any oscil- 
loscope is down by 30% at its adver 
tised full bandwidth! 

Furthermore, Fig.4 shows that the 


manufacturer's guarantee of an ampli- 
tude error of less than 2% only ap- 
plies for signal frequencies less than 
one quarter of the rated bandwidth. 


Frequency 


1MHz 
10MHz 
50MHz 
100MHz 
250MHz 53 
300MHz 44 
400MHz 33 


Therefore, to make amplitude meas- 
urements with less than 296 error, we 
need a scope with a quoted band- 
width four or five times higher than 
the signal frequency. For example, 
accurate amplitude display of a 
50MHz sinewave requires a 250MHz 
oscilloscope. 

This is only part of the bandwidth 
story. As we noted above, testing an 
oscilloscope with a wideband genera- 
tor could show an error of more than 
50% at the advertised scope band- 
width. How could it get worse? 

In most cases the advertised -3dB 
bandwidth of a scope applies only 
when signals are coupled directly into 
the instrument front terminal and not 
via a probe, because probes also have 
frequency limitations, 

This is demonstrated by Fig.3(b), 
which is the high frequency equiva- 
lent of the circuit shown in Fig.3(a). 
As before, the resistance presented by 
the probe and scope connection is: 

Rin = (Rp + R1) = 10MQ 
where Rp is the resistance inside the 
probe and R1 is the input resistance of 
the oscilloscope. 

In the equivalent circuit of Fig.3(b) 
we can ignore the 10MQ input resist- 
ance Rin because it is so much higher 
than the 50Q source resistance Rs. But 
we cannot discount the probe's input 
capacitance C which is equal to 12pF. 

The capacitive reactance of Cp is: 

Xc = 1/(2nfC,). 

This forms an unwanted voltage 
divider with the source resistance Rs. 
At high frequencies the resulting low 
value of Xc drastically reduces the 
signal amplitude before it enters the 
scope. Table 2 demonstrates the se- 
verity of this effect, with the reactance 
of 12pF at specific frequencies. 

From Table 2, we observe that at 
250MHz the probe's capacitive reac- 
tance has fallen to 530. Now we will 
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Fig.6: since a PWM signal has a varying duty cycle and therefore an effectively 
varying positive and negative DC offset, AC coupling will cause the waveform to 
waver above and below the 0V reference line. 


see the reason why the amplitude dis- 
played on the screen fell to 5096. 

Firstly, looking at Fig.4(b), we see 
that at 250MHz the voltage divider 
effect of the 530 Xc with the 500 
source resistance Rs reduces the sig- 
nal'voltage at D down to 70% of the 
unloaded source voltage (it's a vector 
calculation, because of the capacitor). 

Secondly, as Fig.4 shows, the dis- 
played amplitude will be further re- 
duced to 7096 of the voltage at the 
Scope input, because the signal fre- 
quency is now equal to the 250MHz 
bandwidth ofthe scope. So the ampli- 
tude you would see on the screen will 
be reduced to (70% x 70%) = 50% of 
the unloaded source voltage. That ex- 
plains why a high frequency measure- 
ment with a 10x probe can have such 
large errors. 

Only in a few cases will a manufac- 


turer guarantee that the advertised 
bandwidth appliesat a specified probe. 
tip. Examples include the Tektronix 
400MHz oscilloscope model 2465B 
but only when used with their 1MQ 
passive 10x probe model P6137. 
Table 3 shows the input capacitance 
and bandwidth of typical probes. 


Frequency pulling 


Often, the application of a passive 
scope probe to some points ofa circuit 
can have drastic effects, particularly 
in the case of crystal and other oscilla- 
tors. These require critical positive 
feedback gain and phase, set by specif- 
ic small capacitor values, to maintain 
oscillation at the required frequency. 
But hooking a passive probe onto a 
high impedance point of these cir- 
cuits can add 12pF of capacitance, 
upsetting the feedback. This action 

can either reduce the 
operating frequency 
or may stop oscilla- 


Attenuation R(n) Bandwidth tion altogether. 

dx 1M passive 15MHz How do we evo 

this? Many systems, 

10x 10M passive 12pF 100MHz including some TV 

10x 10M passive 8pF 500MHz receivers, contain 

100x 10M passive. 27рЕ 250MHz buffered test points, 

т where sensitive cir- 

10x 100k active 0.4pF _ 22112 cuits are accessed ei- 

10x 500 divider 0.15рЕ 9GHz ther via an inbuilt re- 
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sistor or a low impedance source fol- 
lower. 

Alternatively, a simple expedient is 
to attach a small resistor, about 10kQ, 
to the probe and use the other end of 
that resistor as the probe point. The 
results may be inaccurate but at least 
you can monitor the waveforms. An- 
other alternative is to use a high im- 
pedance active probe, such as listed 
in Table 3. 

For frequencies above 500MHz, 
wideband active FET probes are avail- 
able with a high input impedance and 
they require a separate supply. Exam- 
ples include the Tektronix type P6204 
which has a 1GHz bandwidth and the 
type P6217 which operates to 4GHz. 
Active probes accept small input 
voltages, typically below 10V. 

For really wide bandwidth scopes, 
between 2GHz and 10GHz, low im- 
pedance divider probes are available, 
with input resistances of 500, 5000 or 
5kQ. They plug into the 50Q input 
terminals on very high frequency os- 
cilloscopes. 


Probe risetimes 


Another area where a new oscillo- 
scopecan disappointis when display- 
ingsquare waves which are supposed 
to have fast rise and fall times. Fig.3(a) 
shows the connection as before and 
now we will explain why the probe 
capacitor Cp is there at all, in view of 
the trouble it causes when displaying 
very high frequencies. 
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This scope printout shows the effects of DC and AC coupling on a pulse 
waveform with varying pulse width (ie, pulse width modulation). Channel 1, 
top trace, is DC coupled while Channel 2, the lower trace, is AC coupled. The 
varying pulse width effectively becomes a varying DC offset which is reflected 
as à wavy modulation on the waveform, an erroneous display. This is the same 


effect as depicted in Fig.6. 


The reason why Cp is inside the 
probe becomes clear when you look at 
pulse risetimes, The probe's shielded 
cable and the oscilloscope's input stage 
add up to a considerable capacitance 
to ground, probably between 35pF and 
100pF. This we denote as Cx in 
Fig.3(a). If Cp did not exist in the 
probe head, then the probe resistor 
Rp, together with this stray capaci- 
tance Cx, would form a severe low 
pass filter. The effect would be a re- 
duction in amplitude and a phase 
change in sinewave signals and a dras- 
tic slowing of therisetime of pulses as 
displayed on the screen. 


CHANNEL 10 
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CHANNEL 20 


Therefore the capacitor Cp has been 
deliberately included in the probe to 
correct these errors. But Cp must be 
correctly adjusted until the two time 
constants, RpCp and R1Cx, are equal. 

To facilitate this adjustment, most 
oscilloscopes provide a fast-risetime 
1kHz square wave calibrating signal 
from a terminal (usually) on the front 
panel. You just hook the probe onto 
this CAL terminal and adjust the probe 
capacitor Cp until the scope displays 
a true square wave. 

If Cp is set too low, the square wave 
will be rounded off while if Cp is too 
high, the square wave will overshoot 
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and undershoot. Naturally this Cp ad- 
justment also has a big effect on the 
displayed bandwidth so if you don’t 
adjust it correctly, it is yet another 
source of measurement error. 


AC coupling 


So far we have talked about large 
DC voltages and high frequencies but 
if you have a circuit with high DC 
voltages and small signals, you need 
to switch the scope’s input to AC cou- 
pling. This enables you to use high 
input sensitivity while blocking out a 
large quiescent DC voltage, As Fig.5 
illustrates, the signals then must pass 
through the R1C1 time-constant. This 
will reduce the amplitude of low fre- 
quency signals, distort square waves 
and pulses and can play merry hell 
with pulse width modulation (PWM) 
signals. 

To see why, we need to critically 
look at just what it means to feed a 
signal through a coupling capacitor. 
In Fig.6 we have sketched a PWM 
signal which is applied to the left side 
of capacitor C1. Below that is the wave- 
form which appears on the right hand 
side of C1 and is displayed on the 
oscilloscope screen. 

At time t7, the input signal lifts the 
left side of C1 from zero to +10V, charg- 
ing the capacitor. So the right side 
also rises to +10V. Between times t7 
and t8, the input voltage remains 
steady. But the charge on C1 leaks 
away through the resistor R1, lower- 
ing the voltage on the right hand side 
of the capacitor from +10V to «8V. 
Then at time t8, the input voltage drops 
from +10V to zero. 

Because this fall is abrupt, the po- 
tential on the right side of the capaci- 
tor must also fall by 10V; ie, from +8V 


Fig.7: one possible circuit 
for the Chop/Alternate 
section of an analog 
scope. CMOS analog 
switches alternately 
switch the signals from 
channels 1 and 2 through 
to the vertical deflection 
amplifier. 
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Fig.8: this series of waveforms illustrates how the Chop mode in an oscilloscope 
rapidly chops between the input channels to produce two waveforms on the 
screen. Waveforms (c), (d) and (e) show an expansion of the 1ms period in 


waveforms (a) and (b). 


to -2V, taking the displayed trace into 
negative regions. This may leak away 
to about -1.7V by time t9, when the 
input rises again. This time the +10V 
change in the input signal lifts the 
display up to +8.3V. During the long 
constant input between t9 and t10, 
the display again leaks down to +6.6V. 
You can see that the displayed wave- 
form is far from the truth. 

When the positive input pulses are 
long, with a duty cycle greater than 
50%, the display progressively mi- 
grates downwards (duty cycle is the 
ratio of the pulse on-time to the pulse 
off-time). If the duty cycle remained 
constant, after many cycles the dis- 
played signal would be displaced un- 
til the area enclosed between the posi- 
tive regions of the waveform and the 
zero line is equal to the area enclosed 
between the negative regions and the 
zero line. 
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By this rule, the long duty cycle 
between times t7 and t12 will push 
the waveform downwards. But the 
same rule means that between times 
113 and t16, when the duty cycle is 
short, the waveform display must rise 
above the zero line, in order to equal- 
ise positive and negative areas. So the 
complex PWM waveform of Fig.6 will 
rise and fall as the duty cycle changes. 
The only cure is to monitor the wave- 
form with DC coupling. AC coupling 
is a trap for young players — изе it only 
when you must block high DC 
voltages. 


Dual-trace operation 


One of the really powerful benefits 
ofa scope is the ability to monitor two 
signals at once but here again there 
are traps. If you want to measure the 
timing or phase differences between 
two signals you need to know just 


how your scope displays two differ- 
ent inputs on the screen simultane- 
ously. What we are talking about is 
the choice between Alternate and 
Chop modes. 

Fig.7(a) illustrates one possible cir- 
cuit for the Chop/Alternate section of 
an analog scope. Two different signals 
on channels 1 and 2 firstly pass 
through their individual attenuators 
and preamplifier stages A1 and A2, 
then to the Chop/Alternate section. 
which includes IC1, IC2 and IC3. You. 
will easily follow its operation as we 
view it a bit at a time. 

ICia, b and d are CMOS analog 
switches and each turns on only when 
a logic high signal is applied to its 
control terminal. For example, ІС1а 
conducts between pins 4 and 3 only 
when a logic high is applied to pin 5. 

The timebase section of the oscillo- 
scope, as well as providing the hori- 
zontal sweep, also feeds a control sig- 
nalin at point T. This controls all four 
CMOS switches via inverters IC2a, 
IC2b and IC2c. IC3 is a summing op- 
erational amplifier, while Ri1 and Ri2 


are its two input resistors and Rfis the 
feedback resistor. Point X is the sum- 
ming junction. 

The gain from either channel 1 or 
channel 2 inputs to the outputat point 
Nis -(Rf/Ri) = -(10kQ/10kQ) = -1. Sig- 
nals from point N feed to the vertical 
deflection amplifier for display on 
screen. 

Now what happens when we select 
the Alternate display mode? Say we 
apply a signal to channel 1 input and 
a square wave to channel 2. If the 
timebase section feeds a low control 
signal to the point T, this will be in- 
verted in IC2b and will presenta logic 
high to pin 5 of gate IC1a, turning it 
on. So the sinewave signal on channel 
1 will feed through A1, through Ri1, 
IC1a and IC3, and will pass on to the 
vertical deflection amplifier, to be dis- 
played on the screen. At the same 
time, gate IC1b is off, so channel 2 
signals cannot pass to the vertical de- 
flection amplifier. 

But when a logic high signal is fed 
to point T, the conditions reverse. 
Analog switches IC1b and IC1c will 
conduct and IC1a turn off, allowing 
the channel 2 signal to be displayed 
on the screen. The control signal at 
point T is high on the 1st, 3rd, 5th, 
7th, etc sweeps and low on the 2nd, 
4th, 6th, 8th, etc. Thus, all odd sweeps 
display the sinewave on channel 1 
and all even sweeps show the square 
wave on channel 2. 

You can use the individual vertical 
position (shift) controls to move the 
two displays apart. At slow sweep 
speeds, the display alternates between 
signal 1 in the upper half of the screen 
and signal 2 in the lower screen. 

At fast sweep speeds, the persist- 
ence of the screen phosphor enables 
you to see both signals continually on 
the screen. Hence, Alternate mode is 
successful with fast sweep speeds but 
unsuitable at slow sweeps. 


Chop mode 


Now what happens if you change to 
"Chop" mode. This causes a separate 
high frequency oscillator within the. 
timebase unit to toggle the control 
signal fed to point T (toggle means to 
switch continually between logic high 
and low). This is done at a fixed fast 
rate, perhaps 10kHz, as illustrated іп 
Fig.8 but in some high frequency osc- 
illoscopes the toggle rate may be as 
high as 1MHz. 

In the example shown in Fig.8, the 


main sweep is switched to 100 milli- 
seconds per division, which takes one 
second for each full sweep. The 
sinewave on channel 1 has a frequency 
of about 3.5Hz and the square wave 
on channel 2 is about 6Hz. The con- 
trol signal at point T has period equal 
to 1/10kHz = 100us as Fig.8 shows. 

This makes channel 1 conduct 
through IC1a for 50us, channel 2 con- 
ducts through IC1b for the next 50us 
and so on. Both input signals are thus 
chopped up into thousands of little 
time segments 5045 long, like two lines 
of ants crawling across a page. 

On the screen are displayed these 
20,000 discontinuous segments of the 
input signals, as IC1a and IC1b con- 
duct in turn. A small sector of both 
traces is shown in Fig.8(d) & (e) drawn 
one thousand times time-expanded. 
While T is at logic high, a small seg- 
ment of the sinewave (a) is displayed 
in the upper half of the screen. But 
when T is at logic low, a short piece of 
the square wave (b) appears on the 
lower half at (e). While one signal is 
displayed, the other is blanked off. 
This process continues repeatedly, 
right across the screen. The slight blur- 
ring due to the width of the light spot 
makes each trace appear continuous. 

If we raised the sweep speed suffi- 
ciently we would see the discontinu- 
ous nature of the display. So chop 
mode is unsuitable for very fast sweep 
speeds. In some scopes Chop mode is 
automatically selected at slow time- 
base speeds and Alternate is selected 
at high sweep speeds. 

Now we can see why Chop and 
Alternate modes can affect timing and 
phase comparisons between two dif- 
ferent signals. Alternate mode leads 
to impossibly wrong results, because 
it allows the oscilloscope to trigger 
independently on each channel; time 
correlation is completely lost. There- 
fore, Chop mode must be used when 
comparing the timing of different sig- 
nals. 


Phase shift 


A final vital point to note here is the 
phase shift which AC coupling pro- 
duces, as noted above. Therefore, 
when comparing phases and timing 
of different signals, switch both chan- 
nels to DC coupling or switch both 
channels to AC coupling. Don’t have 
channel 1 AC-coupled and channel 2 
DC-coupled; that will lead to serious 
errors. sc 


For years you have probably 
looked at international satellite TV 
systems and thought "one day" 
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PAY NO MONTHLY FEES 
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* 400 channel dual input receiver 
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* 2.3m perforated sheet antenna 
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RADIO CONTROL 


BY BOB YOUNG | 
“ 


Multi-channel radio control 
transmitter; Pt.7 


This month, we deal with the final system 
alignment and the programming instructions for 
the Mk.22 transmitter. This is mainly a matter of 


deciding the features you 


want and connecting 


the various wander leads. 


To begin it will be necessary to re- 
read the May, June and July 1996 is- 
sues of SILICON CHIP in which the 
basic instructions for the alignment of 
the RF module and the encoder are 
discussed. As we left the project in the 
July issue, the transmitter was com- 
pletely assembled and working up to 
the point of radiating a modulated 
signal albeit not correctly tuned. 

Before we go any further, make sure 
your batteries are fully charged before 
you start. Charging is accomplished 
using a power supply set at 60mA ora 
dedicated plugpack charger. These are 
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Fig.1: the ideal modulated waveform and 
recommended rise times. 
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available at any good model shop how- 
ever you will need to change the con- 
nectors. The charge plug must be a 
non-shorting 2.5mm jack type and is 
inserted into the socket located on the 
lower front right of the Tx. The tip of 
the charge plug is wired positive. Re- 
move all micro-shunts and leads from 
the encoder and RF modules. 

It is probably best to begin proceed- 
ings with the adjustment of the ex- 
panded scale voltmeter circuitry as 
this will give a good indication of the 
state of your batteries during the align- 
ment process. Trimpots VR16 and 

VR17 on the encoder PC board 
control the set points and range 
of the meter. VR17 sets the low 
point (+8.8V) and VR16 controls 
the range (sensitivity). 

To adjust the meter, hook up a 
variable voltage source to the en- 
coder GND and +9.8V pins on 
TB7. Set both trimpots to their 
midpoints, set the power supply 
to +8.8V and switch on power. 
Set the meter pointer to *0" using 
VR17. Now increase the voltage 
to +10.8V and set the pointer to 
“10” using VR16. Drop the volts 
back to +8.8V and reset VR17. 
Continue this cycle until the me- 
ter reads “10” at +10.8V and “0” 
at +8.8V. 

With this setting, the meter will 


peg immediately after charging and 
drop back very quickly to less than 
“10” as the surface charge is dissi- 
pated. As nicads are considered ex- 
hausted at 1.1V per cell, the meter 
will give an excellent indication of 
the state of charge of your batteries. 
Stop flying at "0" as you will have 
only about 10-15 minutes of safe fly- 
ing after this. 

Slip the Tx power input socket back 
onto TB7 (PWR) and fire up your spec- 
trum analyser (yes, as I have stated 
before, you will need an analyser) and 
plug in the power connector to the RF 
module. 

Open the May.1996 issue of SILICON 
CHIP and work your way through the 
tuning sequence presented in that is- 
sue. The production antenna ended 
up at 1.3 metres instead of 1.5 metres 
long but the tuning range will accom- 
modate that change. 

The only area needing special at- 
tention is the final shape of the modu- 
lated waveform. Fig.1 shows the ideal 
waveform and recommended rise 
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Fig.2: an overview of the encoder layout showing the major programming 


controls and plug groups. Notice tha 
identical, 


times. It may be necessary to play 
with the value of R7 on the RF mod- 
ule, as mentioned previously, to ad- 
just for the spread in the FETs. 

Once the RF module is properly 
tuned, seal the ferrite slugs with wax 
to prevent them moving. It is now 
possible to drive a receiver from the 
transmitter, As all input stages have 
been disabled, only the default wave- 
form will be transmitted (all 1.5ms 
pulses). Switch on the receiver and 
plug a servo set to 1.5ms neutral (most 
modern servos) into channel 1. 

Better still, plug in a pulse width 
meter. Remove all leads and micro- 
shunts from the encoder PC board, 
switch on the transmitter and the pulse 
width meter should read 1.5ms or the 
servo move to neutral, if you have 
followed the instructions in the June 
1996 issue. 

The 10kQ 10-turn trimpot VR2 
(NEUT) is there to provide neutral ad- 
justment. Clockwise rotation increases 
the pulse width. Use this to set the 
neutral if it is not already correct and 
switch the Tx OFF. Try to get into the 
habit of changing the plugs and sock- 
ets with the Tx OFF. There are only 
one or two plugs that may cause prob- 
lems and these are not usually moved 
once in place (power sockets). The Tx 
must be switched OFF when changing 
the RF module, 

The Mk.22 transmitter is now ready 
for business, so let us move on to the 
real work. 


Programming the encoder 

The Mk.22 encoder utilises what is 
perhaps best defined as “Wander 
Lead” programming. All controls are 
wired with identical 3-pin sockets (see 


t all eight input configurations are 
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Fig.3: each channel input has 
three main components: the 
VARY-NORMAL 3-pin header 
set, the CHANNEL INPUT 3-pin 
header set and an Adjustable 
Servo Travel Volume (ATV) 
potentiometer. 


Fig.2, page 80, July 1996 issue) which 
are free to wander anywhere on the PC 
board. All control elements are wired 
inan identical fashion with the centre 
lead carrying the signal and the two 
outside leads for positive and nega- 
tive. All control inputs on the encoder 
are fitted with identical, mating 3-pin 
headers (plugs). Any control may be 
connected to any channel in any or- 
der. 

This arrangement results in a trans- 
mitter of the utmost flexibility. Even 


the front panel controls can be pro- 
grammed in the most suitable manner 
for the task at hand. Toggle switches 
can become retract switches, dual rate 
switches or mix IN-OUT switches. 
Sense of operation may be reversed, 
channel allocation changed or direc- 
tion of the servo travel reversed very 
quickly and without complex menu 
stepping. 

Fig.2 gives an overview of the en- 
coder layout showing the major pro- 
gramming controls and plug groups. 
Notice that all eight input configura- 
tions are identical so that it is only 
necessary to master one to have com- 
plete mastery over all eight or indeed 
24 channels. 

Each channel input has three main 
components: the VARY-NORMAL 3- 
pin header set, the CHANNEL INPUT 
3-pin header set and an Adjustable 
Servo Travel Volume (ATV) poten- 
tiometer — see Fig.3. Each of the chan- 
nel input sets are numbered on the PC 
board and run from left to right. These 
three items give rise to an almost lim- 
itless variety of programming options. 

We will work through some of these 
options, paying particular attention to 
the basic principles involved, in order 
to build a good knowledge of how the 
system works. This will make the more 
complex programming tasks (such as 
CROW) much easier to understand 
when we describe them in coming 
issues. 
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Fig.4: this diagram shows how the various micro-shunts (shorting 
links) must be placed across TB10, if the configuration module is 


not used. 
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We will begin with the simplest and 
most fundamental tasks and work for- 
ward from there. Load the appropriate 
micro-shunts and sockets as we go 
through the programming sequence. 


Configuration module 


The configuration module is not 
used in the basic Mk.22 transmitter. 
This was briefly mentioned and pic- 
tured in the June 1996 issue. If the 
module is not plugged into the con- 
figuration port TB10, then micro- 
shunts (shorting links) must be placed 
across TB10 as shown in Fig.4 to com- 
plete these open circuit input leads 
(see circuit in the March 1996 issue). 
These micro-shunts also play an im- 
portant role in the mixing program- 
ming and we will deal with that later. 


Channel allocation 


As a result of the wander lead con- 
cept, channel allocation is a matter of 
deciding which controls should uti- 
lise which channel and plugging the 
3-pin sockets onto the appropriate 
CHANNEL INPUT header pins. Chan- 
nel allocation is a most important func- 
tion when we come to such complex 
programming options asCROW, chang- 
ing stick modes or matching a Mk.22 
Tx to another brand of radio. As 
glitches tend to affect channel 1 more 
than any other channel, it is best to 
keep the flying controls away from 
channel 1. 

The standard Silvertone channel 
allocation is as follows: 


Allocation 


Channel 


Other brands of R/C equipment use 
different channel allocations. To match 
a Mk.22 Tx to a model already fitted 
with another brand of receiver, it is a 
simple matter to duplicate the chan- 
nel allocation by rearranging the or- 
der of the sockets. 


Servo reversing 
Servo reversing is simply a matter 
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Fig.5: the sense of operation on the 
toggle switch for dual rate operation 
can be reversed by reversing the 3-pin 
socket on the VARY-NORMAL header. 
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Fig.6: use this diagram when pro- 
gramming toggle switch operation. 


of rotating the 3-pin socket on any of 
theCONTROL INPUT headers by 180*. 
Keep in mind that any error from ab- 
solute neutral will be doubled. For 
example, if the throttle servo is at one 
end before reversing, then it will im- 
mediately fly to the other end when 
reversed. Ifthe trim is at absolute neu- 
tral when the socket is reversed, then 
no servo movement will be apparent. 


Programming servo travel 

In order to simplify the program- 
ming, certain configurations call for 
the ATV (adjustable servo travel vol- 
ume) potentiometer to be connected 
to become a completely different type 
of volume control. The VARY-NOR- 
MAL header pin sets provide this func- 
tion. When a micro-shunt is placed on 
the centre/left pair of pins as in 
Fig.5(a), the CHANNEL GAIN potenti- 
ometer is programmed as the ATV 
potentiometer. In this mode, servo 
travel may be adjusted from 20-120% 
(0.9- 2.1ms) ofthe normal servo travel 
using the channel gain (ATV) poten- 
tiometer. Clockwise rotation increases 
the amount of servo travel. 

If the micro-shunt is placed on the 
centre/right pair of header pins, as in 
Fig.5(b), then the ATV pot is allocated 
to other functions and the servo travel 
reverts to the NORMAL non-adjust- 
able 10096 level (1- 2ms) and the ATV 
potentiometer is no longer available 
for servo travel adjustment. 

At this point the transmitter should 
have all of the micro-shunts loaded on 
ТВ10. the main controls hooked to the 
CHANNEL INPUT headers and the 
micro-shunts loaded on the VARY- 
NORMAL headers. You can now move 
multiple servos simultaneously. This 


completes the basic programming and 
we will now move on to some of the 
more advanced features. 


End point adjustment 


Adjusting throttle linkages can be a 
tricky business as it is often almost 
impossible to get both ends exactly 
right. Using the ATV in conjunction 
with adjustable linkages overcomes 
this problem. Whilst not a true end 
point adjustment it certainly will ad- 
just both end points simultaneously 
and will set the exact amount of servo 
travel needed to match the carburettor 
arm travel. 


Dual rate programming 


All 24 channels may be programmed 
for DUAL RATE operation. Simply re- 
move the micro-shunt from the VARY- 
NORMAL headers on the channels in- 
tended for DUAL RATE operation and 
connect the desired toggle switches to 
the appropriate headers. Any of the 
front panel toggles can be used on any 
channel. The choice should be based 
on convenience of operation. 

Sense of operation of the toggle 
switch can again be reversed by sim- 
ply reversing the 3-pin socket on the 
VARY-NORMAL header — see Fig.5. 
When the toggle is in the VARY posi- 
tion the ATV potentiometer becomes 
theDUAL RATE set pot. Thus with the 
switch in the NORMAL location, the 
ATV pot is disabled and a non-adjust- 
able 100% servo travel is available. 
With the switch in the VARY position, 
the ATV pot is used to set the amount 
of DUAL RATE variation. It is usual to 
select the VARY position with the tog- 
gle DOWN. 

The amount of DUAL RATE adjust- 
ment ranges from 20% to 120%. Anti- 
clockwise rotation decreases the 
amount of servo travel. Note that it is 
possible to program the Mk.22 Tx for 
increased throw in the DUAL RATE 
setting. 


Toggle switch programming 

There are two identical toggle switch 
modules built into the main encoder 
PC board module. These are located 
on the righthand side of the PC board 
just above the righthand input groups 
(see Fig.2) These modules consist of 
two 3-pin headers and a potentio- 
meter. 

Fig.6 shows these in detail. Note 
that the lefthand 3-pin header of each 
toggle module is labelled SW and this 


Kit Availability 


Kits for the Mk.22 transmitter are available in several different forms, as follows: 
Fully assembled transmitter module... 


Basic transmitter kit (less crystal) .... 
Transmitter PC board .. 
Crystal (29MHz) 
Fully assembled encoder module . 
Encoder kit ..... 
Encoder PC board .... 
Transmitter case kit . 


Full transmitter kit (includes all the above) . 


Post and packing of the above kits is $3.00. Payment may be made by 
Bankcard, cheque or money order to Silvertone Electronics, PO Box 580, 
Riverwood, NSW 2210. Phone (02) 533 3517. 


. $125.00 
$89.00 
.. $29.50 
wee $8.50 
$159.00 


+++. $594.00 


will receive the 3-pin socket from the 
toggle switch (see Fig.2c, July 1996 
issue). Thus, any toggle switch on the 
Tx front panel may be used as the 
actuator for the toggle channels. 

The righthand 3-pin header labelled 
CHis the output connection, The short 
jumper cable with a 3-pin socket at 
each end (see Fig.2e, July 1996 issue) 
is connected to this header. The other 
end of this patch cord can go to any 
CHANNEL INPUT header in your chan- 
nel allocation plan. Thus any two 
channels may be allocated to toggle 
switch actuation. 

Servo reversing is available simply 
by reversing the CHANNEL INPUT 
socket as normal. A novel feature is 
the ability to very quickly reverse the 
sense of operation of the toggle switch 
by simply reversing the socket on the 
SW header. Thus UP-ON becomes 
DOWN-ON. 

With the channel input programmed 
for NORMAL mode, adjusting the tog- 
gle module potentiometer will pro- 
vide from almost zero to 100% travel 
volume. Clockwise increases the servo 
travel. 

Another novel feature of this ar- 
rangement is that 180° of servo travel 
is easily obtained by using the toggle 
module potentiometer in conjunction 
with the VARY mode ATV pot. Some 
care is needed here in case the brand 
of servo you are using has its rotation 
angle limited by internal stops to less 
than 180°. Check to ensure that the 
servo is not straining against the inter- 
nal end stops. 


There is provision for two toggle 
modules on the standard encoder PC 
board. 


Programming knob control 


The standard Mk.22 case is punched 
for four toggle switches and two knob 
controls. The knob control consists of 


a panel-mount potentiometer upon 
which are mounted limiting resistors 
and a cable fitted with а 3-pin socket 
(see Fig.2d, July 1996). The resistors 
allow the full 270° of rotation to be 
used without driving the channel be- 
yond the electronic limits allowable. 

Thus, the knob control is a com- 
pletely self-contained proportional 
control element which may be treated 
as one axis of a 2-axis stick assembly. 
Itmay be allocated and reversed in the 
normal manner, 

There are two knob controls in the 
standard Mk.22 transmitter, however 
all eight channels could easily be knob 
controls in a suitable case. 


Programming slide control 


A slide control unit is available as 
an option and again may be consid- 
ered а single axis proportional control 
element. It may be allocated and re- 
versed as normal, However, this would 
require a slot to be cut in the case by 
hand. A slide control suitable for flaps 
is available as an optional extra. 

That is all that space allows for this 
month. Next month we will discuss 
mixing, dual control and frequency 
interlock. sc 


We sell famous Danish speakers - Vifa, Peerless and 
Dynaudio, including six speaker kits. We have the 
biggest range and we are always the cheapest. Always. 


We have magnetically shielded drivers for Surround- 
sound and multi-media, woofers up to 12", lots of dif- 
ferent tweeters and heaps of parts. We sell crossovers, 
Bennic and Solen capacitors, inductors, grill clips, 
flared speaker ports, gold-plated terminals and U.K 
made Deflex damping materials. Phone, write or fax for 
free information including price list, specials list and 
specs on all our drivers. Or send $10 cheque, money 
order or phone/fax with credit card details for our 80 
Page catalogue of complete engineering data sheets on 
every speaker driver we sell. (Price includes air mail 
postage anywhere in Australia and New Zealand). 


auaio 


SPEAKER PARTS DIRECT 


S 


P.O Box 242 Hawthorn 3122 
Phone: (03) 9429 2199 
Fax: (03) 9429 9309 


AUGUST 1996 75 


Anintroduction to 


IGBTS 


When it comes to high power switching applications 
circuit designers generally choose between bipolar 
transistors or Mosfets. But there is an alternative which 
combines the best of both devices – the insulated gate 
bipolar transistor or IGBT. It can be thought as a 
bipolar transistor with a high impedance gate instead 
of a low impedance base. 


More and more we are seeing heavy duty switchmode 
power circuits — inverters, power supplies, induction 
motor control and so on. As the applications continue 
to become more stringent, semiconductor manufac- 
turers need to create products that approach the ideal 
switch. The ideal switch would have: (1) zero resistance 
or forward voltage drop in the on-state; (2) infinite 
resistance in the off-state; (3) switch on and off with 
infinite speed; and (4) would not require any input 
power to make it switch. 
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Fig.1: reduced forward voltage drop of an IGBT compared 
to a Mosfet with similar ratings. 
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Since we don't yet have the ideal switch, designers 
must choose a device that best suits the application. 
The choice involves considerations such as voltage, 
current, switching speed, drive circuitry, load and 
temperature effects. There are a variety of solid state 
switch types available and they all have their strong 
and weak points. 


High voltage power Mosfets 


The characteristics that are most desirable in a solid- 
state switch are fast switching speed, simple drive 
requirements and low conduction loss. For low voltage 
applications, power Mosfets offer very low on-resist- 
ance [Rps(on)] and approach the desired ideal switch. 
But in high voltage applications, Mosfets exhibit 
increased Rps(on) which results in increased conduc- 
tion losses. In a power Mosfet, the on-resistance is 
proportional to the breakdown voltage raised to ap- 
proximately 2.7: 

Rps(on) = (Урв)27 

Mosfet technology has now advanced to a point 
where Rpg(on) is near the theoretical limit. A new 
approach is needed to obtain very low on-resistance 
without sacrificing switching speed. This is where the 
IGBT comes in. 

By combining the low conduction loss of a BJT 
(bipolar junction transistor) with the switching speed of 
a power Mosfet an optimal solid state switch would be 
obtained. In fact, the IGBT is a spin-off from power 
Mosfet technology and its structure closely resembles 
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Fig.2: reduced die size of an IGBT compared to a Mosfet 
with similar ratings. 


that of a power Mosfet. The IGBT has a high input 
impedance and fast turn-on like a Mosfet. And they 
have an on-voltage and current density comparable to a 
bipolar transistor. 


Speaking IGBT 

Before we go any further, perhaps we should tell you 
how to say IGBT. Instead of referring to them as 
“Iggbets” most designers call them by the initials, “eye 
gee bee tees” — more of a mouthful perhaps but that’s 
the way it is. 

IGBTs are replacing Mosfets in high voltage applica- 
tions where conduction losses must be kept low. In fact, 
SILICON CHIP featured a 2kW sinewave inverter with 
IGBTs in the October 1992 to February 1993 issues. 
Four 1kV IGBTs were used in the high voltage H-pack 
section where 365V DC is converted to a 50Hz sinewave 
using pulse width modulation at around 4kHz. In this 
instance, we were forced to use IGBTs because no 
combination of currently available power Mosfets was 
sufficiently rugged for the job. 

With zero current switching or resonant switching 
techniques, IGBTs can be operated in the hundreds of 
kilohertz range. Typically though, although turn-on 
speeds are very fast, turn-off of the IGBT is slower than 
a Mosfet. It exhibits a significant current fall time or 
“tailing”. This tailing restricts IGBTs to operating at less 
than 50kHz in traditional “square wave” PWM switch- 
ing applications. 

Up to 50kHz then, IGBTs are often a better solution 
than bipolar transistors, Mosfets or thyristors (SCRs). 
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Fig.3: reduced package size of an IGBT compared to a 
Mosfet with similar ratings. 


Compared to SCRs, the IGBT is faster, has better dv/dt 
immunity and above all, has better gate turn-off capabil- 
ity. While GTOs (gate turn-off SCRs) are capable of 
being turned off at the gate, substantial reverse gate 
current is required, whereas turning off an IGBT only 
requires the gate capacitance to be discharged. Against 
that, SCRs have a slightly lower forward voltage and a 
higher surge current capability than IGBTs, 

Many of today's switching circuits use Mosfets 
because of their simple gate drive. Since the structure of 
both devices is similar, the change to IGBTs can be 
made without having to redesign the gate drive circuit. 
Like Mosfets, IGBTs are transconductance devices and 
can remain fully on if the gate voltage is held above a 
certain threshold. 

As shown in Fig.1, using an IGBT in place of a power 
Mosfet dramatically reduces the forward voltage drop at 
currents above 12 amps. By reducing the forward drop, 
the conduction loss is-decreased. The gradual rising 
slope of the Mosfet in Fig.1 can be attributed to the 
relationship of Vps to Rps(on). The IGBT curve has an 
offset due to an internal forward biased p-n junction 
and a fast rising slope typical of a minority carrier 
device. 

Replacing a Mosfet with an IGBT can improve the 
efficiency and/or reduce the cost. As shown in Fig.2, an 
IGBT has considerably less silicon area than a similarly 
tated Mosfet. The reduced silicon area makes the IGBT 
the lower cost solution. Fig.3 shows the package area 
reduction by using an IGBT. This suits it for designs 
where space is restricted. 


Fig.4: forward voltage 
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Fig.5: cross-section and equivalent schematic of an 
insulated gate bipolar transistor (IGBT) cell. 


When compared to BJTs, IGBTs have similar ratings 
in terms of voltage and current but the isolated gate in 
an IGBT makes it simpler to drive. BJTs used as 
switches require sufficient base current to maintain 
saturation. Typically, the base current needs to be at 
least 1/10th of the collector current. BJT drive circuits 


must therefore be sensitive to variable load conditions. 


Tn other words, base current for a BJT must be kept 
proportional to the collector current; otherwise the 
device will come out of saturation with high-current 
loads and will have excessive base drive under low- 
load conditions. Either way, it can lead to increased 
power dissipation. 

BJTs are minority carrier devices and charge storage 


GATE 
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Drain-to-Source Body Diode 
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base-emitter is properly МЕР 
shorted бу source metal) 
Ne SUBSTRATE 
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Fig.6: cross-section and equivalent schematic of a metal- 
oxide-semiconductor field-effect transistor (Mosfet) cell. 
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effects including recombination slow the performance 
when compared to majority carrier devices such as 
Mosfets. IGBTs also experience recombination that 
accounts for the current “tailing”, yet IGBTs have been 
observed to switch faster than BJTs. 

Since the introduction of IGBTs in the early 1980s, 
semiconductor manufacturers have learned how to 
make the devices faster. As illustrated in Fig.4, some 
trade-offs in conduction loss versus switching speed 
exist. Lower frequency applications can tolerate slower 
switching devices. Because the loss period is a small 
percentage of the total on-time, slower switching is 
traded for lower conduction loss. In a higher frequency 
application, just the opposite would be true and the 
device would be made faster and have greater conduc- 
tion losses. 

Notice that the curves in Fig.4 show reductions in 
both the forward drop Уса) and the fall time ty of 
newer generation devices. These capabilities suit the 
IGBT for applications such as motor control, power 
supplies and inverters which require devices rated at 
600-1200V. 


IGBT structure 


The structure of an IGBT is similar to that of a double 
diffused (DMOS) power Mosfet. One difference between 
a Mosfet and an IGBT is the substrate 
of the starting material. By varying COLLECTOR 
the starting material and altering 
certain process steps, an IGBT may Ae 
be produced from a power Mosfet 
mask; however, at Motorola, mask EATER 
sets are designed specifically for ші 
IGBTs. Іп а Mosfet the substance is 


P+ as shown in Fig.5. zia 
The n- epi resistivity determines 

the breakdown voltage of a Mosfet as SAE 

mentioned earlier using the relation- SOURCE 

ship: Rps(on) = (Урв)2:7 Ы 
To increase the breakdown voltage Fig.7: the 

of the Mosfet, the n- epi region symbols for 

thickness (vertical direction in the IGBTs (a) and 

diagram) is increased. Reducing the Mosfets (b). 


Rpsjon) of a high voltage device 
requires a greater silicon area to make up for the in- 
creased n- epi region. 

The effects of the high resistive n-epi region were 
overcome by conductivity modulation. The n-epi was 
placed on the P+ substrate, forming a pn junction where 
conductivity modulation takes place. Because of con- 
ductivity modulation, the IGBT has a much greater 
current density than a power Mosfet and the forward 
voltage drop is reduced. Now the P+ substrate, n-epi 
layer and P+ “emitter” form a BJT transistor and the n- 
epi acts as a wide base region. 

Current tailing has been mentioned above. The device 
structure shown in Fig.5 provides an insight into 
tailing. Minority carriers build up to form the basis for 
conductivity modulation. When the IGBT turns off, 
these carriers do not have a current path to exit the 
device. Recombination is the only way to eliminate the 
stored charge resulting from the build-up of excess 
carriers. Additional recombination centres are formed 


TAIL TIME of MOTOROLA GEN. 2 IGBT #2 in 
1.0 hp MOTOR DRIVE at 1750 RPM. 
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Fig.8: IGBT current turn-off waveform. 


by placing an N+ buffer layer between the n-epi and P+ 
substrate. 

While the N+ buffer layer may speed up recombina- 
tion, it also increases the forward voltage drop. Hence 
the tradeoff between switching speed and conduction 
loss becomes a factor in optimising performance. The 
N+ buffer layer also prevents thermal runaway and 
punch-through of the depletion region. This allows a 
thinner n- epi to be used which somewhat decreases 
forward voltage drop. 


Four layers 


The IGBT has a four layer (PNPN) structure, resem- 
bling that of an SCR. But unlike the SCR where the 
device latches on and gate control is lost, an IGBT is 
designed so that it does not latch on, Full gate control is 
available at all times. 

Because the IGBT is a four-layer structure, it does not 
have the inverse parallel diode inherent in power 
Mosfets. This is a disadvantage to motor control design- 
ers who use the anti-parallel diode to recover energy 
from the motor. 

Like a Mosfet, the gate of an IGBT is electrically 
isolated from the rest of the chip by a thin layer of 
silicon dioxide, SiO2. This gives it a high input imped- 
ance and excellent drive efficiency. 


Equivalent circuit 

IGBT operation is best understood by again referring 
to the cross section of the device and its equivalent 
circuit shown in Fig.5. Current flowing from collector to 
emitter must pass through a pn junction formed by the 
P+ substrate and n- epi layer. This drop is similar to 
that seen in a forward biased pn junction diode and 
results in an offset voltage in the output characteristic. 

Current flow contributions are shown in Fig.5 using 
varying line thickness, with the thicker lines indicating 
a high current path. For a fast device, the N+ buffer 
layer is highly doped for recombination and speedy 
turn off. The additional doping keeps the gain of the 
PNP low and allows two-thirds of the current to flow 
through the base of the PNP (electron current) while 
one-third passes through the collector (hole current). 

Rshorting is the parasitic resistance of the P+ emitter 
region. Current flowing through Rshorting can result in a 


voltage across the base-emitter junction of the NPN. If 
the base-emitter voltage is above a certain threshold 
level, the NPN will begin to conduct causing the NPN 
and PNP to enhance each other's current flow and both 
devices can become saturated. This results in the device 
latching on in a fashion similar to an SCR. Device 
processing directs currents within the device and keeps 
the voltage across Rshorting low to avoid latching. 

The IGBT can be gated off, unlike the SCR which has 
to wait for the current to cease, allowing recombination 
to take place in order to turn off. IGBTs offer an advan- 
tage over the SCR by controlling the current with the 
device, not the device with the current. The internal 
Mosfet of the IGBT when gated off will stop current 
flow and at that point, the stored charges can only be 
dissipated through recombination. 

The IGBT's on-voltage is represented by the sum of 
the offset voltage of the collector base junction of the 
PNP transistor, the voltage drop across the modulated 
resistance Rmod and the channel resistance of the 
internal Mosfet. Unlike the Mosfet where increased 
temperature results in increased Rps(on) and increased 
forward voltage drop, the forward drop of an IGBT stays 
relatively unchanged at increased temperatures. 


Switching speed 

Until recently, slow turn-off speed limited IGBTs 
from serving a wide variety of applications. While turn- 
on is fairly rapid, initial IGBTs had current fall times of 
around three microseconds. The turn-off time of an 
IGBT is slow because many minority carriers are stored 
in the n- epi region. When the gate is initially brought 
below the threshold voltage, the n- epi contains a very 
large concentration of electrons and there will be 
significant injection into the P+ substrate and a 
corresponding hole injection into the n- epi. As the 
electron concentration in the n-region decreases, 
electron injection decreases, leaving the rest of the 
electrons to recombine. 

Therefore, the turn-off of an IGBT has two phases: an 
injection phase where the collector current falls very 
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Fig.9: cross-section and equivalent schematic of a short 
circuit rated IGBT cell. 


AUGUST 1996 79 


troduction to IGBTs — continued 


quickly and a recombination phase in which the collec- 
tor current decreases more slowly. 

Fig.8 shows the switching waveform and the contrib- 
uting factors to tail time of a “fast” IGBT designed for 
PWM motor control. In power Mosfets, the switching 
speed can be greatly affected by the impedance in the 
gate drive circuit and the same rules apply to IGBTs. 


Comparing IGBTs, BJTs & Mosfets 


The conduction loss of BJTs and IGBTs is related to 
the forward voltage drop of the device while a Mosfet’s 
conduction loss is based on Rpgjon)- Table 1 gives a 
comparison of turn-off and conduction losses at 10 
amps for a power Mosfet, an IGBT and a BJT at junction 
temperatures of 25°C and 150°C. 

Note that while the devices in Table 1 have approxi- 
mately the same ratings, their chip sizes vary signifi- 
cantly. The bipolar transistor requires 1.2 times more 
silicon area than the IGBT while the Mosfet requires 2.2 
times the area of the IGBT. This difference in die area 
has a direct effect on the cost of the devices. 

At higher currents and high temperatures, the IGBT 
offers low forward drop and a switching time similar to 
the BJT without the drive difficulties. The lower con- 
duction losses of the IGBT reduce power dissipation 
and heatsink size. 


Thermal resistance 


An IGBT and power Mosfet produced from the same 
size die have similar junction-to-case thermal resistance 


Fig.11: IGBTs offer performance advantages in PWM 
variable-speed induction motor drives. They can directly 
control 3-phase motors from a rectified mains supply. 
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Fig.10: the waveforms associated with anti-parallel diode 
turn-off, 


because of their similar structures. 


Short circuit rated devices 


Using IGBTs in motor control circuit requires them to 
withstand short circuit current for a given period. 
Although this varies with the application, a typical 
value of ten microseconds is used for designing these 
specialised IGBTs. Notice that this is only a typical 
value given on the data sheet. IGBTs can be made to 
withstand short circuit conditions by altering the device 
structure to include an additional resistance (Re, in 
Fig.9) in the main current path. 

The benefits associated with the additional series 
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resistance are twofold. 
First, the voltage created across 


Re, by the large current passing Characteristic Bipolar 
through Re, increases the percent- Current Rating 20A 

age of the gate voltage across Re, by Ы 

the classic voltage divider equation. Айып Hating SOME | 
Assuming the drive voltage applied R(on) @ TJ = 25°C 0.2 ohms 0.24 ohms 0.18 ohms 

to the о pc m R(on) @ TJ = 150°C 0.6 ohms 0.23 ohms 0.24 ohms** 
same, the voltage actually applies = 
across the gate-to-source portion of Fall Time (typical) 40ns 200ns 200ns 

the device is now lower. This 7 Indicates VCEO rating "В.Т TJ = 100°C ES 


causes the device to operate in an 

area of the transconductance curve that reduces the 

gain and it will pass less current. 

Second, the voltage developed across R, results in a 
ivision of voltage across Rshorting and Ув of 

the NPN transistor. The NPN will be less likely to attain 

а Уве high enough to turn the device оп and cause а 

latch-up situation. 

These two situations work together to protect the 
device from catastrophic failure. The protection period 
is specified in the ratings, giving the circuit time to 
detect a fault and shut off the device. 

The introduction of the series resistance R, also 
results in additional power loss by slightly elevating the 
forward drop of the device. However, the magnitude of 
short circuit current is large enough to require a very 
low R, value. The additional conduction loss of the 
device due to the presence of R, is not excessive when 
comparing a short-circuit rated IGBT to a non-short 
circuit rated device. 


Anti-parallel diode 


When using IGBTs for motor control, designers have 
to place a diode in anti-parallel across each device in 
order to handle the regenerative or inductive currents 
of the motor. The optimal setup is to have the diode co- 
packaged with the device. A specific line of IGBTs has 
been created by Motorola to address this issue. These 
devices work very well in applications where energy is 
recovered to the source and are favoured by motor 


control designers. 

Like the switching device itself, the anti-parallel 
diode should exhibit low leakage current, low forward 
voltage drop and fast switching speed. As shown in 
Fig.10, the diode forward drop multiplied by the 
average current it passes is the total conduction loss 
produced. In addition, large reverse recovery currents 
can escalate switching losses. 

A secondary effect caused by large reverse recovery 
currents is EMI at the switching frequency and the 
frequency of the resulting ringing waveform. This EMI 
requires additional filtering in the circuit. By co- 
packaging the IGBT with its anti-parallel diode, the 
parasitic inductances that contribute to ringing are 
greatly reduced. 


Induction motor drive 

Mains operated, PWM variable speed motor drives 
are an application well suited for IGBTs. As shown in 
Fig.11, IGBTs may be used to directly control the 
voltage supplied to a 3-phase motor to control its speed. 
Depending on the application, the IGBT may be re- 
quired to operate from the full-wave rectified mains 


supply. 
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Model KSN 1141 


The new Powerline series of Motorola's 2kHz 
Horn speakers incorporate protection 
circuitry which allows them to be used safely 
with amplifiers rated as high as 400 watts. 
This results in a product that is practically 
blowout proof. Based upon extensive testing, 
Motorola is offering a 36 month money back 
guarantee on this product should it 
burn out. 


Frequency Response: 1.8kHz - 30kHz 

Av. Sens: 92dB @ 1m/2.83v (1 watt 2 80) 
Max. Power Handling Capacity: 400W 
Max. Temperature: 80*C 

Typ. Imp: appears as a 0.3uF capacitor 
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Freedman Electronics Pty Ltd, PO Box 3, 
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ight click the item and drag it onto the desktop. 


E 


= 
2: click “Create Shortcut Here” from the menu. 


С, the Win95 
desktop & start menus 


The Windows 3.11 Program Manager is 
obsolete. In its place, Windows 95 
presents a slick new interface that lets 
you place icons and folders directly on 
the desktop. Here’s how to go about it. 


By GREG SWAIN 


Unlike its predecessor, the Win95 
desktop can play host to virtually any- 
thing you care to drag there. While the 
Windows 3.11 desktop limits you to 
the Program Manager and the icons of 
minimised applications, the Win95 
desktop is a far friendlier place to be. 

Want to place shortcuts to your 
drives directly on the desktop? No 
problem — just open My Computer, 
right click (yes, right click) the rel- 
evant drive, drag it onto the desktop 
and release the mouse button. Choose 
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"Create Shortcut Here” when the pop- 
up menu appears and there’s your 
shortcut. 

If you now double-click on the new 
shortcut icon, the Explorer opens to 
show the contents of the drive. 

You can do exactly the same thing 
to folders (the new word for direct- 
ories), applications or even individual 
files. All you have to do is launch the 
Explorer, ri lick on the appropri- 
ate folder, executable (exe) file or pro- 
gram file, and drag it onto the desk- 


top. When the job is 
done, the applica- 
tion's icon appears 
on the desktop but 
with one minor dif- 
ference — there's a 
little arrow to indi- 
cate that itis a short- 
cut to the application (see example at 
right) 

Don't clutter your desktop with 
shortcuts though. They should be re- 
served for your most frequently used 
applications. When you no longer 
wanta particular shortcut on the desk- 
top, just drag it to the Recycle Bin. 
Note that this gets rid of the shortcut 
only and not the original file or hard- 
ware item. 


Explorer 


Renaming shortcuts 

When you create a shortcut, Win95 
automatically adds the words “Short- 
cut to" to the desktop icon; eg, “Short- 
cut to Explorer". However, the little 


Problem: the CD Player entry is buried four menus deep. 


Belge i iS = 


2: the Explorer opens at the Start Menu folder. 


prr 
4: right-click the shortcut icon to rename it. 


1: right click the Start button, then left click “Explore”. 


pr те 
3: “drill” down to the Multimedia folder. 


continued next page 
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4: left-click the CD Player shortcut and drag it onto 


the Start Menu folder. 


arrow that’s added to the icon makes 
it obvious that it’s a shortcut so these 
words are superfluous, Deleting them 
is easy — just right click on the icon 
and left click on "Rename" from the 
pop-up menu. It's now simply a mat- 
ter of typing in the new name for the 
shortcut and left clicking off the icon. 

By the way, get used to using the 
ight mouse button when you install 
Windows 95. Right click on just about 
anything, including the Task Bar, and 
amenu pops up that lets you carry out 
certain functions. Unlike Windows 
3.11, the right mouse button now ac- 
tually does something useful and it's 
easy to use. 


Rearranging the Start menus 


Apart from using desktop shortcuts, 
applications are usually launched via 
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5: now when y 


EE 


u click the Start button, the CD Player 


entry appears in the first menu. 


e Start button. When you click the 
tart button, you navigate through a 
pplication you 


series of menus to the 
want 

Windows 95 automatically adds its 
own applications to the Start menus 
during installation. Any applications 
that you later install are also auto- 
matically added and these can even 
include entries for readme files or on- 
line registration of the software. 

Asaresult, your Start menus quickly 
become cluttered with entries that are 
seldom (if ever) used. Worse still, an 
application that you use frequently 
can be buried three or four menus 
deep and drilling down to it each time 
you want to run it can become annoy- 
ing 

Fortunately, it's easy to rearrange 
the Start menus to suit the way you 


You can move the 
Task Bar to the top 
of the screen by 
left clicking on it 
and dragging it to 
its new location. It 
automatically 
snaps into place 
and the desktop 
icons move to 
make room for it. 


want to work. The first thing to realise 
here is that the entries in the Start 
menus mirror the entries in the Start 
Menu folder and its sub-folders when 
you open the Explorer. The second 
thing to realise is that these entries are 
shortcuts and not the actual files them- 
selves, as indicated by the little ar- 
rows attached to their icons. 

What's the easiest way of getting to 
the Start Menu folder in the Explorer? 
Just right click the Start button and 
then choose “Explore” from the pop- 
up menu. From there, you can start 
exploring the contents of the Start 
Menu folder and its sub-folders. 

To delete an entry (eg, a readme 
shortcut), just drag it from the Ex- 
plorer to the Recycle Bin. To move an 
entry, just left click it and drag it to its 
new location. Now, when you want to 
launch the application via the Start 
button, it will appear on the corre- 
sponding menu. 

In the example given, the CD Player 
was buried four menus deep. By open- 
ing the Explorer and dragging the 
Shortcut entry directly to the Start 
Menu folder, it now appears on the 
opening menu. You can do this to any 
individual item or to groups of items. 


Moving the status bar 

Finally, if you don't like having the 
Task Bar along the bottom of the 
screen, left click it with the mouse 
and move it. It can be "snapped" into 
position along one side of the screen 
or along the top and your desktop 
icons will automatically adjust their 
positions to make room for it. 9С 


FLUORO LIGHT HF BALLASTS 
High efficiency, flicker free, European, 
"slim line’ case, high frequency (HF) 
electronic ballast. Limited stocks: 
Type В 16W tube, dimmable, filter, 43 
X 4 x 3cm: $46 Type F: 32W or 36W 
tube, dimmable, no filter, 34 x 4 x 
Scm: $18 (Cat 609, specify type) 


LASER POINTERS 

Two new 5mW at 660nm (very bright!) 
laser pointers. One type in a very 
small flat plastic case, the other in a 
Small metal cylindrical case fitted with 
a keychain. Both powered by 3 1844 
batteries and APC driver circuitry 
Greatly reduced prices: $55 ea. 


STOP SIGN KIT | gree mye pe, pp 
А large РСВ (165 js f Г" 
x 58 mm) plus 54 

high intensity red LEDs and 10 
current limiting resistors that are 
‘surface mounted on the rear of the 
PCB. LEDs arranged to spell STOP. 
VISIBLE IN SUNLIGHT. Simple to add 
to a car's brakelight system, only two 
connections are needed: 625 


E-MAIL 
Ask us to include you on our 
regular 'e-maller' for updates 
of our latest specials and 
products: oatley@world.net 


UNINTERRUPTABLE POWER 
SUPPLY 

New US made, modified square wave 
UPS in sealed box. Designed for 120V 
60Hz operation. Easily modified for 
5OHz operation. Very limited stocks at 
Slightly more than the cost of the 
batteries that come with them: $60 
(250VA), $90 (400VA) 


DING DONG DOORBELL KIT 

Ding dong bell sound generator kit 
based on a chipon-board (COB) that 
‘ding dongs’ three times after a 
pushbutton is pressed. Standby 
Current about 1pA, voltage 1 to ЗУ, 
volume higher at higher voltages. Kit 
includes СОВ, 4 inch speaker, 
pushbutton, and a two x AA battery 
holder. All you need to make a 
doorbell, $3.80 ea, or 10 for $30. 


UV MONEY DETECTOR 

Portable source of UV. New 
commercial product used to check 
foreign paper money. Also used in 
fossicking and gem industries. Has 
two AA batteries and an inverter to 
step up the voltage to power a 50mm 
long, cold cathode UV tube. Simple 
ringing choke inverter with one 
transistor, one resistor and a 
transformer. Inverter can dimly light а 
4W fluorescent tube for a source of 
white light. Takes about 250mA. Case 
82x 46x 21mm: $5 ea or 8 for $19 


12V - 2.5W SOLAR PANEL KIT 
US amorphous glass solar panels only 
need terminating and weather 
proofing. Includes clips and backing 
glass. Very easy to complete. Size 
305 x 228mm, Voc 1820V, lsc 
250mA. $22 ea, 4 for $70. 

Efficient switching regulator kit also 
available: suits 12-24V batteries, 
0.1-16A panels, 527. Also available, 
simple shunt regulator kit $5 


PIR MOVEMENT DETECTOR 
Commercial quality 10-15M range PIR 
movement detectors. Second hand, 
tested and guarentced, have relay 
contact outputs, a tamper switch and 
operate from 12V DC. Compatible 
with standard alam systems. 
Includes circuit $10 ea. or 4 for $32. 


DISCO LASER LIGHT SHOW 

Our 12V universal inverter kit plus а 
used 5mW+ helium-neon laser tube 
head, a used Wang power supply and 
ап automatic laser light show kit with 
dichroic mirrors: $200 


SLA BATTERY BOOSTER 

See SC July 96. This ‘up’ voltage 
switch mode inverter is designed to 
charge Sealed Lead Acid batteries 
and any other 12V lead acid batteries 
to their end point of 13.8V from 12V 
саг ог boat batteries. Also useful for 
many other applications. Our version 
includes extra RFI filtering, improved 
efficiency, and provision to increase 
the charging current from 2A to 3.54. 
Kit includes a silk screened and 
solder masked PCB and all onboard 
components, including —prewound 
switching and filter transformers, AND 
(for free) a 12 hour mechanical timer 
to interrupt charging (see below). $25 


STOP THAT DOG BARK 

WOOFER STOPPER MK2, as in SC Feb 
"96. High power ultrasonic sweep 
generator which can be triggered by a 
barking dog. Includes solder-masked 
silkscreened РСВ, ай onboard 
Components, transformer, electret 
microphone and transformer! $39 
Single Motorola piezo пот speakers 
to suit (one is good, but up to four 
can be used): $14. approved 12V 
DC-A plugpack to suit: $14 


‘SOLID STATE PELTIER DEVICES 
12V 44A, can be used to make a 
thermoelectric cooler - heater. Basic 
info included. $25 12V DC fan 58 


IR REPEATER KIT 

Extend the range of existing remote 
controls up to 15m and/or control 
‘equipment in other rooms: $18 


PLASMA EFFECTS SPECIAL 

Ref: EA Jan '94. Produces а 
fascinating colourful high voltage 
discharge in a domestic light bulb, or 
light up an old fluoro tube or any gas 
filled bulb. The EHT circuit is powered 
from a 12V to 15V supply and draws 
a low O.7A. Output is about 10КУ AC 
peak. РСВ and ай onboard 
Components (flyback transformer 
included), and instructions: $28 (cat 
K16) Hint: connect the AC output to 
‘one of the pins of a nonfunctional but 
gassed laser tube, amazing results! 
The special? We supply a low power 
functional taser tube for an additional 
$14, but only if purchased with the 
plasma kit. Total price: $42 (Includes 
instructions on getting the laser tube 
to produce a laser beam!) 


MORE ITEMS & KITS 
Poll our (02) 579 3955 


fax to find out how to get 
our 

MANY MORE ITEMS А 
KITS THAN THOSE LIST 
HERE! Ask for a list to be 


nt with your next order. 


FOG MACHINE 

Mains operated fog machine: 700W, 
3000 cubic meter per minute 
capacity, remote operation with lead 
Supplied. Great for light shows and 
lasers! Low introductory price: $350. 


LED FLASHER KIT 
ЗУ operated Spin IC that flashes 1 or 
2 high intensity LEDs. Very bright and 
efficient. IC, two high intensity LEDs 
and small PCB: 51.50 ea, 10 for 512 


SIMPLE MUSIC KIT 

ЗУ, Spin IC plays a single tune. Two 
ICs that play different tunes, speaker 
and small PCB: $3 or 10 for $25 


MAGNIFIERS - LOUPES 

Four types (see review S.C. May 96). 
Small jewellers eyepiece with plastic 
lens: $3. Others in the range have two 
glass lenses, used where the loupe is 
Placed close to the object being 
magnified. Focal point just below base 
of the loupe. Loupe with 50mm dia 
viewing area, 10 x mag: $8, 75mm: 
$12, 110mm $15. 


VISIBLE LASER DIODE KIT 

We have redesigned our SmW 660nm 
visible laser diode kit so the РСВ fits 
neatly into a new hand held case 
(supplied). Complete pointer kit (with. 
case) at a REDUCED PRICE of $35. A 
similar kit with a SmW 635nm laser 
Giode: less than $100 


MINIATURE FM TRANSMITTER 

Very small ready-made FM transmitter 
in a small black metal case, Powered 
by a 15У watch battery (included), 
has an in-built electret microphone. 
Tuning range: 88 to 108МН2 
(adjustable). Range approx 50m: $32 


RARE EARTH MAGNETS 

Very strong!!! Zinc coated. Cylindrical: 
7 x 3mm, $2 (637) 10 x 3mm: $4 
(G38), toroidal SOmm outer, 35mm 
Inner, 5mm thick: $9.50 ( G39) 


VISIBLE LASER DIODE MODULE 
Industrial quality 5mW/670nm laser 
diode module. Dimensions; 12mm dia. 
x 43mm long. Includes visible laser 
diode, diode housing, АРС driver 
circuit and collimation lens all factory 
assembled in one small module. Has 
superior collimating optic, divergence 
angle less than 1 milliradian: $65 


FREE CATALOG 
Ask for a copy of our FREE 
catalog with your next order. 
Many items and kits. Don't 
forget our website at: 
http://www.hk.super.net 
/ -diykit 
STEPPER MOTOR PACK 
Pack of seven stepper motors. Save 
50%! Includes 3 x M17, 2 x M18, 2x 
M35, all new: 636 


COMPUTER CONTROLLED 
STEPPER MOTOR DRIVER KIT 
Kit will drive two 4, 5, 6 or Swire 
stepper motors from an IBM computer. 
parallel port. Motors require a 
Separate power supply (not included). 
Includes detailed manual апа 
software (on 3.5" disk) NEW 
SOFTWARE wil drive up to 4 motors 
(needs two kits), with linear 
interpolation across four axes. PCB 
153 x 45mm, all onboard 
components, manual, software and 
two M18 stepper motors: $44 This kit 
with the stepper motor pack above: 
$65 Kit, no motors: $32 


2 CHANNEL UHF KIT BARGAIN 

304MHz with 1/2 million codes. 
Compact transmitter with keychain 
case, РСВ, 12V battery and all 
components. Receiver kit includes 
PCB, all components (with 2 decoder 
ICs and 2 relays with 2A contacts). 
Range up to 50m. One 2 button Tx kit 
and one 2 ch Rx kit. Bargain at $30. 


SECURE IR SWITCH 

Toggles a relay from an IR transmitter. 
Coded transmitter and receiver so a 
number can be used in the same 
area, Includes commercial one button 
transmitter, receiver PCB and parts to 
‘operate a relay (not supplied): $22 


MASTHEAD AMPLIFIER Basel 
High performance low-noise masthead 
amplifier covers VHF-FM-UHF and is 
based on a MARG IC. Includes two 
PCBs, all onboard components and a 
balun former. REDUCED PRICE: 515. 


CYCLE-VEHICLE COMPUTERS 
Solar powered, can be adapted to any 
vehicle. 6 functions, programmable to 
Suit wheel size. Includes mounting kit 
апа Hall effect pick-up. $32 (616) 


ALCOHOL BREATH TESTER KIT 
Has high quality Japanese thick-film 
alcohol sensor. Kit includes PCB, all 
components, meter movement: $30 


CCD CAMERA BONUS SPECIAL 
Tiny (38x38x27mm) РСВ CCD 
camera, О. lux, IR responsive (works 
in total dark with IR illumination). 
Connects to any standard video input 
or via a modulator to aerial input. 
SPECIAL pack 1: standard or pinhole 
camera with bonus VHF modulator OR 
regulated 10.4V plugpack. $160 
SPECIAL pack 2: pack 1 PLUS video 
transmitter (see below): $178 


VIDEO TRANSMITTER 

Low power UHF TV transmitter with 
adjustable level audio and video 
inputs, power switch and power in 
socket. Needs 10 to 14V DC at 
10mA. Set to Ch 31, can be altered. 
Video input accepts standard 
composite video (eg CCD camera), 
comes іп small metal box and built-in 
telescopic antenna. Range typically 7 
to 10m for internal TV antenna: $25. 


CCD CAMERA - TIME LAPSE 
VCR RECORDING SYSTEM 
Includes PIR movement detector and 
control kit, plus learning remote 
control. Combination can trigger any 
domestic IR remote controlled VCR to 
start recording when movement is 
detected, and stop recording a few 
minutes after movement stops: $90. 


LOW COST IR ILLUMINATOR KIT 
Allows a CCD camera or a night 
Viewer to see in the dark. Adjustable 
power, 10 to 15V operation at GOOmA 
(max). Has 42 IR 880nm LEDs: $40 


3-STAGE TUBE CLEARANCE 

SC Nov. 95. 25mm 3-stage fibre optic 
night vision tube, works in starlight 
EHT supply kit and eyepiece. $200 


OATLEY ELECTRONICS 


PO Box 89, Oatley NSW 2223 
Phone (02) 579 4985 


Fax (02) 570 7910 or 579 3955 
orders by e-mail: oatleyGworld.net 


major c pted with phone and fax orders 


orders Aust $€ 


By JOHN HILL 


C 


A rummage through my junk 


Although I have been to many swap meets of 
various kinds, the last one I attended was 
special because it was a vintage radio swap 
meet. It was held in Melbourne and was very 
well attended. What's more, I had taken a site at 
the meet for the express purpose of selling some 


of my junk. 


There is one serious problem asso- 
ciated with collecting and that is the 
slow but steady accumulation of bits 
and pieces over the years. As most 
readers would know, some of these 
bits and pieces are extremely valuable 
and supply restorers with many oth- 
erwise unobtainable spares. But it gets 
out of hand after a while, so I decided 
to be ruthless and off-load some of my 
junk so that I could to take possession 
of my shed again. The swap meet 
seemed like an appropriate place for 
its disposal. 


Sifting through the rubble was great 
fun and all sorts of things were found 
that had been completely forgotten. 
When sorting through these treasures, 
it was initially a case of “no, Ishouldn't 
sell that”, or “I must keep those”, or 
“these may come in handy”, and so 
on. So, by the end of the day, hardly a 
thing had been set aside for the big 
sale. As a result, the process had to be 
repeated with a little more resolve. 

My scrounging uncovered a few in- 
teresting relics. As some which I ear- 
marked to sell are fairly rare and likely 


This old magnetic pick-up was made to fit straight onto the sound arm of an 


acoustic phonograph. 
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be of interest to readers, it seemed like 
a good opportunity to photograph 
them and write them up for Vintage 
Radio. Even though these things are 
quite collectable, I had no real use for 
them and the larger items were only 
taking up valuable space. 

The first of these interesting items 
is a magnetic pick-up head for 78rpm 
recordings. This particular pick-up 
was specially made to fit onto the tone 
arm of an acoustic phonograph, thus 
allowing records to be played through 
a radio receiver. 

While playing the family phono- 
graph through a radio was common 
practice in the late 1920s and early 
1930s, it was usually done using a 
complete pick-up with an accompany- 
ing volume control. A pick-up head 
only that fitted on to the phonograph's 
tone arm would have been a less ex- 
pensive option. However, its very long, 
unshielded lead to the receiver may. 
have caused some hum problems. 


Battery eliminator 


The next item is from 1927 and isa 
"B" battery eliminator. These units 
were usually large and heavy and this 
Australian-made Emmco was no ex- 
ception. It uses a cold cathode recti- 
fier and supplies a range of “B” 
voltages only. Some eliminators 
incorporated "C" voltages as well. 

While the "B" battery eliminator 
solved the expense of frequent "B" 
battery purchases, the rechargeable 
lead acid "A" battery was another 
problem in that it required recharging 
at regular intervals, which was fairly 
inconvenient. 

Shown in one of the accompanying 
photographs is a Philips *A" battery 
trickle charger. Its job was to slowly 
and continuously recharge the "A" 
battery — hopefully at a rate which 


This photo shows an Emmco "B" battery eliminator. It 
used a cold cathode rectifier and had three output 
voltages, two of which could be varied using the large 


knobs on the top of the unit. 


approximated the discharge rate/pe- 
riod — and eliminate the irksome task 
of carting the battery off to the nearest 
garage or battery service centre. 

Of course, neither the "B" battery 
eliminator nor the “A” battery trickle 
charger were of any use unless 240V 
AC power was available. Back in the 
1920s, only the cities and larger towns 
had AC electric power and out in the 
country, beyond these supply systems, 
receivers still used batteries, just as 
they had done since radio first began. 

Radio had not been with us long 
when someone reckoned that having 
one in their car would be a great idea. 
The vibrator unit was the big break- 
through in battery powered receivers 
because it allowed a radio to operate 
on a single battery — usually a 6V or 
12V lead acid type. A vibrator, in con- 
junction with a special transformer 
and a rectifier valve, was the heart of 
carradio receivers up until about 1960. 

But there were a few car radios be- 
fore the vibrator came on the scene. 
These receivers still required a high 
tension supply and it was obtained 
from a motor/generator set (a low-volt- 
age electric motor driving a high-volt- 
age generator) These devices pro- 
duced quite high voltages—up to 180V 
inthe case of the Emerson unit shown 
in one of the accompanying photo- 
graphs. 

No doubt the engineering involved 
in manufacturing a motor/generator 
was considerable and its cost was prob- 
ably equal to that of the receiver itself. 

It is amazing how many ingenious 
and well designed products appeared 


A Philips “A” battery trickle charger. The rectifier valve 
(right) plugs into the large hole at top right, while the two 
smaller holes are for the battery leads. Power is applied to 


the socket on the left. 


in the early days of radio, only to be 
rendered totally obsolete in a very 
short time. The car radio motor/gen- 
erator unit would be a classic exam- 
ple of instant obsolescence once the 
vibrator arrived on the scene. 
(Editorial comment: although the 
motor generator had only a short life 
in car radio applications, larger ver- 
sions were used extensively by the 
armed forces during World War ll and 
beyond — until the end of the valve 
era, in fact. They were woefully inef- 
ficient devices. One of the top brands, 
the “Genemotor”, could boast an effi- 
ciency of only 30% but this was not 


regarded as a serious problem for mili- 
tary applications). 


4-gang capacitor 

Shown in one of the photographs is 
a 4-gang tuning capacitor from an an- 
cient TRF receiver, After the superhet 
became established, tuning capacitors 
were mainly two and 3-gang types but 
some of the old TRF capacitors were 
four and 5-gang units. 

This old 4-gang capacitor is quite 
large, as was the norm back then, and 
is made entirely of brass. Finding a 
practical use for such a monstrosity is 
fairly unlikely but it is an interesting 


This elaborate device was used to power carly car radios. Made by Emerson, it 

consists of a low voltage DC electric motor driving a high voltage DC generator. 

It was capable of producing 180V at 80mA. The advent of the vibrator rendered 
these monstrous things obsolete for car radios. 
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A 4-gang tuning capacitor from an ancient TRF receiver. It is made entirely of 
brass and the main control shaft rotates on plain bearings. 


relic and would make a good display 
item. 

Another piece of equipment that 
had been collecting dust for a few 
years is a 1930s Pilot valve tester. It 
was bought with the intention of re- 
storing itand although itis in working 
condition, the old Pilot has few prob- 
lems. 

First, there are no operating instruc- 
tions, which is usually the case with 
old valve testers. Second, being a 1930s 
model, there is no provision for test- 
ing post-war 7-pin and 9-pin minia- 
ture valves, unless one makes up a 
few adaptors. And finally, because the 


tester is of American manufacture, it 
works on 110V and so requires a step- 
down transformer for its operation. 

While there would be few problems 
cleaning up the sockets and switches, 
Ialready have other valve testers, with 
operating instructions, and there 
seemed little point in keeping this 
one. Although the Pilot is usable on 
early valves up to octal, perhaps it too 
would be better used as display item. 
than as a working valve tester. 

The big swap meet bargain of bar- 
gains was a selection of unique valves. 
These valves are so unique that one 
can only wonder what their intended 


use was! The type numbers are absent 
from any of the common valve 
catalogs. 

Even the bargain price of $1 each, 
or $20 a box full, was initially too high 
to tempt much interest. But at the end 
ofthe day someone realised their true 
worth and took the lot. 


Why sell? 

Anyone attending a radio swap meet 
must wonder why other collectors 
wantto unload so much oftheir wares! 
If it is so good, why don't they keep it? 

The answer is simple. If a collector 
has something he really has no use 
for, or he has duplicates of a particu- 
lar item, then the answer is to swap, 
trade or sell. That way, other things 
can be acquired without having to 
spend money. It also prevents the ac- 
cumulation of unwanted junk. 

One interesting aspect of a swap 
meet is to see what people pay for the 
things they want. Most members of 
thecommunity would take these items 
to the tip and consider them to be 
rubbish. Who knows – maybe they're 
right! 

To be perfectly honest, after collect- 
ing for more than 10 years, I'm start- 
ing to look on some quite collectable 
receivers as just old radio sets. There 
is no reason why I should collect every 
make and model, nor is there any rea- 


This valve tester was one of a trio of test instru- 
ments. Presumably the other units were a radio 
frequency generator and a volt/ohms/amp meter. 
Lack of instructions and 110V operation makes it 
fairly unattractive for use as a valve tester. 
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owner. 


While this neat little 1920s receiver looks OK on the outside, 
there was quite a lot missing on the inside. It now has a new 


There's not much use 


r old meters such as these now that cheap multimeters 


are so readily available. In the distant past, this panel had been used as a volts/ 


amp test rig. 


son to have the best of everything. 

There is every possibility that over 
the next 10 years I will gradually scale 
down my collecting activities and re- 
duce the size of my collection, keep- 
ing only the more interesting items. I 
can't take it all with me when I go, сап 
Tt 


Other throw-outs 


I'm getting a bit off the track here. 
Let's get back to clearing out my shed. 

One of my other throw-outs was a 
19205 3-valve regenerative receiver in 
aneat little cabinet with double doors 
atthe front, covering the control panel. 
Iwas told it is a Radiola 4 cabinet into 
which someone had built the 3-valve 
set. Whether that was the case or not it 
sold quickly and now has anew owner. 

Naturally it had been my intention 
to restore the little 3-valver but, as 
there are better and more interesting 
old regenerative sets in the shed, I 
decided to let this one go. 

Accompanying the 3-valve receiver 
was a 1926 Brown horn speaker. Horn 
speakers are very collectable and al- 
though this particular example was a 
bit battle scarred it, too, sold quickly. 
There are two others in the shed and, 
when all is said and done, how many 
Brown horns does a bloke need? 

Now some of my junk was not re- 
ally junk at all but quite nicely re- 
stored radio receivers and about half a 
dozen mantel radios from the 1940s 
and 1950s. Once again, some were 
duplicates and I see no need to collect 
radios in twos or threes unless one is 
into collecting a complete colour range 
of a particular model. 


This Brown horn speaker is one of the 
better types in that it has an 
aluminium cone instead of the usual 
soft iron diaphragm, Its tonal qualities 
and sensitivity were better than most. 


The restored radios sold very well, 
as they were considerably cheaper 
than those at some of the other sites. 
Anything at a fair price will sell. In- 
flate the price beyond the item’s true 
worth and not many buyers will be 
forthcoming. I went to the swap meet 
to sell, not to bring it all back home 
again at the end of the day. 

So all things considered, taking a 
site at the vintage radio swap meet 
proved to be a worthwhile move for 
several reasons. It was not only agood 
day out whereby I off-loaded some 
unwanted equipment but I also met 
other collectors whom I would not 
have otherwise met. sc 
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40 Wallis Ave, East Ivanhoe 3079. 
Phone (03) 9497 3422, Fax (03) 9499 2381 


These beautifully-made binders 
will protect your copies of SILICON 
CHIP. They are made from a dis- 
tinctive 2-tone green vinyl & will 
look great on your bookshelf. 


Price: $A11.95 plus $3 p&p each 
(NZ $8 p&p). Send your order to: 


Silicon Chip Publications 
PO Box 139 
Collaroy Beach 2097 
Or fax (02) 9979 6503; or ring (02) 


9979 5644 & quote your credit 
card number 


| 
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Just how do you check out your 
car's battery? Unless you try to start 
your engine on a very cold morning 
you really don't know if the battery is 


up to standard. And when that cold. 


morning arrives, the battery may fail 
when called upon to do its job. 


TOROIDAL POWER 
TRANSFORMERS 


General 
Construction 
оля 
aaron 
Wino 
wrong 
коштон 


ом MULATION 


Manufactured in Australia 
Comprehensive data available 
Harbuch Electronics Pty Ltd 
9/40 Leighton Pl. HORNSBY 2077 
Ph (02) 476-5854 Fx (02) 476-3231 


BassBox® 


Design low frequency loudspeaker enclosures 


fast and accurately with BassBox® software. 
Uses both Thiele-Small and Electro-Mechanical 
parameters with equal ease. Includes X. Over 
2.03 passive crossover design program. 


$299.00 


Plus $6.00 postage. 
Pay by cheque, Bankcard, Mastercard, Visacard. 
EARTHQUAKE AUDIO 


РН: (02) 9948 3771 FAX: (02) 9948 8040 
PO BOX 226 BALGOWLAH NSW 2093 
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That's where the Model 50113 bat- 
tery tester from Jaycar can be handy. It 
can check the battery's state by moni- 
toring the voltage with no load and 
with a 100-amp ‘load, to simulate the 
loading ofa typical starter motor when 
cranking the battery. 

As well as a voltage scale up to 16V, 
the unit has a colour scale which 
grades 6V and 12V batteries in terms 
such as “bad”, “weak” and “OK”, as 
well as having a scale which corre- 
lates the voltage under load of a 12V 
battery to “cold cranking amps”. This 
is a measure of the battery’s ability to 
crank the engine when the tempera- 
ture is under 5°C. According to the 
manual which comes with the tester, 
a typical fully charged battery at 5°C 
has only 40% of the capacity that it 
possesses at 25°C. 

In practice, the tester is connected 
directly across the battery and the volt- 
age is noted. The red rocker test but- 
ton is then pushed for 10 seconds and 
the reading on the scale noted. If the 
needle is in the red region, the battery 
is a dud. Unfortunately, two of the 
heavy duty batteries used in our lab 
were found wanting in this test; luck- 
ily we were not depending on them to 
start a car! 

The tester becomes quite warm af- 


ter a load check, as you might expect 
because it has to dissipate something 
in the region of 1000 watts. For this 
reason, only three such tests are 
permissible in a 5-minute period. 
The tester appears to be well made 
and is easy to use. It is available from 
all Jaycar Electronics stores and re- 
sellers for $89.95. (Cat QM-1620). 


TES sound 
level meter 


How quiet is your office or working 
environment? For the safety of your 
hearing you should not be exposed to 
noise levels of more than 85dBA for 
long periods at a time. Many factory 
environments are much noisier than 
this and safety muffs are regarded as 
more or less mandatory in such situa- 
tions. 

Many other working environments 
are also quite noisy and are a cause for 
concern. Your own home can also bea 
hearing hazard, particularly with such 
appliances as food mixers and blend- 
ers, vacuum cleaners and even hair- 


dryers. Many of these can exceed 
90dBA and you would be required to 
wear hearing protection under nor- 
mal conditions of employment. And 
most power tools are exceedingly 
noisy. 

Want to check out your own situa- 
tion? This TES 1350 sound level me- 
ter will do the job. It has a calibrated 
inbuilt electret microphone and a 4- 
digit liquid crystal display which 
reads in dB with either “A” or "C" 
frequency weighting. 

The TES 1350 has two ranges: Lo, 
reading from 35-100dB; and Hi, read- 
ing from 65-130dB. The meter re- 
sponse can be switched to slow or fast 
and there is a hold facility to catch 


noise peaks. In addition, there 
is an inbuilt oscillator which 
provides a reference signal for 
calibration. This is brought 
into play by setting the func- 
tion slide switch to CAL and 
then tweaking the adjacent 
trimpot to give a reading of 
944В. 

The other worthwhile fea- 
ture of the instrument is that 
it has a 3.5mm stereo jack 
socket which provides two 
output signals for use with 
external equipment. One is an 
ACoutput with an impedance 
of 600Q while the other is a 
DC logarithmic signal corre- 
sponding to 10mV/dB. The 
unit is powered with a stand- 
ard 9V battery with an ex- 
pected life of 100 hours (us- 
ing an alkaline type). 

The TES 1350 is available 
at $399 from Altronics, 174 
Roe St, Perth WA 6000. Phone 
1 800 999 007. 


Spectrum analysers 
from Promax 


The Promax range of spec- 
trum analysers is available 
from Emona Instruments. There are 
three instruments in the range cover- 
ingthe frequency range up to 1GHz or 
with an option to cover up to 1.75GHz, 
which takes in the satellite TV IF band. 

Key features of the instruments are 
automatic selection of the optimum 
resolution bandwidth, switchable in- 
put impedance of 50Q or 75Q, indica- 
tion of frequency on a 4% -digit dis- 
play, total dynamic rango of 120dB 
and built-in calibration. 

They offer three vertical axis set- 
tings of 2dB/div, 10dB/div and linear 


SOMHAZ 
Only $1,076* 


GW Instruments is one of only 2 Taiwanese manufacturers of 

test and measuring instruments to be certified to the ISO9002 

Quality Standard. This certification is your guarantee of a quality, 

yet most affordable 50MHz, 2CH scope available. 

Features of the GW GOS-653 Oscilloscope include: 

» 50MHz, 2 Channels 

» Maximum Sensitivity of 1mV/DIV 

» Auto Trigger Level Lock uses a special pk-pk detector 

» Alternate Trigger Mode to trigger asynchronous signals 

» Variable Hold-Off ensures easy viewing of complex signals 

» DC Trigger coupling for viewing low frequency signals 

» Signal delay line to display leading edge 

» 12kV acceleration Voltage for bright display 

» Channel 1 signal output can be connected to other instruments 
ides probes and excludes sales tax 


Audiosound home 
cinema speakers 


Audiosound Laboratories has de- 
veloped three home theatre speaker 
system packages which include their 
new CE-1 passive equalised centre 
channel speaker with double magneti- 
cally shielded drivers. 


detection. Measurement range is 
15dBuV to 130dBuV. 

For further information, contact 
Emona Instruments. Phone (02) 519 
3933; fax (02) 550 1378. 


System One is very unobtrusive and 
uses the Audiosound space-bass sys- 
tem incorporating two subwoofers. 
The total package comprises seven 
loudspeakers in all for under $2000. 
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The tiny front and rear speakers come 
with wall mounting brackets and can 
be colour-matched to order fora highly 
unobtrusive total system. 

System Two (pictured) uses the 
floor-standing 8015s up front, with 
their Piccolo system for rear channels 


KITS-R-US 


PO Box 314 Blackwood SA 5051 Ph 018 806794 
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also available in 10 rack, 
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and the CE-1 for the centre. The main 
8015s have received an Australian 
Design Award and this complete pack- 
age is well priced at $1890. System 
Three is similar to System Two and 
the same price but uses the unobtru- 
sive DM-1s instead of the Piccolos for 
the rear channels. 

Audiosound are also able to supply 
complete home theatre packages in- 
cluding Dolby Pro Logic receivers and 
large screen TVs to match. 

For further information, contact 
Audiosound Laboratories, 148 Pitt Ка, 
Curl Curl, NSW 2099. Phone (02) 9938 
2068. 


Miniature DC motor 
can be sterilised 


Designed for medical, surgical and 
chemical applications, the Maxon RE 
035 40-watt and 2326 6-watt DC 
motors can be repeatedly sterilised in 
an autoclave. Dismantling is not nec- 
essary. They have ironless rotors and 
are intended for use in medical hand 
tools such as bone saws, drilling and 
milling machines, dental and derm- 
atological equipment, infusion pumps, 
therapeutical assistance devices, and 


analytical and dialysis equipment. 

Both can be vapour sterilised to 
135*C and are pressure insensitive to 
3.6 bar in 10096 relative humidity. 
The 40-watt RE035 has a diameter of 
35mm, is 71mm long and has an effi- 
ciency of 82%. The smaller 6-watt 
model is 26mm in diameter, 44mm 
long and has an efficiency of 7596. 
Both are easy to speed control and 
havea speed range from 0-11,000 rpm. 

For further information, contact M. 
Rutty & Co, 4 Beaumont Rd, Mt 
Kuringai, NSW 2080. Phone (02) 457 
2222. 


Static RAM has on-board battery 


A new range 
of modules from 


corporatea static 
RAM with on- 
board battery, 
real-time clock 


mount version but also includes dual SCA coder with 67 & S2kitz 


siat 


э DIGI Ado Power Apia en de most popular nota in vi soe 24.000 PCBs od 


sold since 1987. 
rights avaliable with iced С 


parts on 
Line Audio Oscillator Kit 


M 
5 MNO Ado DA Amp M15 spits; 
М lans Dre 0 ai tS crs wt уйш ae vit уш v 

жыш bce oats Abe ga 


COMPUTERS 


в Mat O Card fr Ps it SIUE orgiraly pubisned in соп Cin rel low cost wa tae 
DAC, stepper motor drveopen collector 


to the outside word from your PC, 7 relays. В TTL inputs. 
basic 


high power, clever design, uses KISS princie 
ube O compas тавла yan 


Watt Kit $28, РОВ опу $4 
AEM 35 Wan Sin CIO певне 


ear to pum out neu tre тота stao 
net dee vo eh o Man oo PE ABN 


ard 28-pin static 


crystal clo 


cycles. | 


o construct with 


Benchmarq in- | 


RAMs. In effect, the Benchmarq bq4830 provides 
non-volatile static RAM by combining an internal 
lithium battery with a 32K x 8 CMOS SRAM, a quartz 
and a power-fail chip. It provides 10- 
year minimum data retention and unlimited write 


| described in 
onl hipaa a owe es pt oh CSR oe 28 es cab eda a or 


бо 
енот 18 Back Mount PC Case $99. 

One es CS CPU Board 8799: Includes ul ser. gares, printer оро 4 D hard disk dre 
guste uo 1o aa RAM 12252» 
MOTO sold wih Mb RAM included: 2 serial, printer, ору & IDE hard disk S28, VGA 


KIT WARRANTY — CHECK THIS OUT!!! 

you kit бон ші works provided good workmanship hasbeen apple in assembly andal original parts 
ñl repair your et FREE returna within 14 ay af purae Your 

ЕШ ker deed 


NOTES saline entre пале designs by Graham Dae The designar has not дшда а agent 
Уп Ши pols (егіле PC Comers MI M be purchase wih Vis! 

Shipped overight va Austria EXPRESS POST for SE О ge ner Vou can speak 
Sih agnor recto -Tpm or place orders 24 hours a day on: PH 018 806794; FAK 08270 
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The bp4832 provides full CPU supervision plus 
the features of the. bp4830 in a 32-pin package. It 
ue a watchdog timer, power-on reset, alarm/ 
periodic. interrupt, power-fail and low battery warn- 
ing. The bp4842 has all the features of the bp4832 but 
isa 128K x 8 SRAM as well. 
For further details, contact Reptechnic, 3/36 
Bydown St, Neutral Bay, NSW 2089. Phone (02) 9953 
9844; ge (02) 9953 9683. 


ASK SILICON CHIP 


Slo-blo fuses 
not desirable 


Iam keen to build the 175W ampli- 

fier module described in the April 
1996 issue of SILICON CHIP. However, 
amate of mine suggested that it should 
be fitted with slow-blow fuses in the 
supply lines to avoid the nuisance of 
fuses blowing at inconvenient times. I 
notice that you have not specified a 
particular type of fuse in the parts list, 
so should I take my mate's advice. (B. 
L., Campsie, NSW). 
* While the transistors in this mod- 
ule are quite rugged, there is only one 
line of protection in the circuit — the 
fuses. If the current gets to the point 
where the fuses should blow, you don't 
want any delay, otherwise the transis- 
tors will blow before the fuses. In fact, 
as a general rule, fuses which protect 
semiconductor circuits should always 
be standard fast-blow types. 

Slow-blow fuses are normally speci- 
fied only where the component to be 
protected can easily withstand large 
current overloads and is subjected to 
them in normal operation. In such 
cases, a normal fuse would be subject 
to nuisance blowing. A good example 


Speed control for 
cassette recorders 


Iam teaching myself to play the 
mandolin and find it helpful try- 
ing to play along with a tape cas- 
sette and recordings. The problem 
is that many recordings are not in 
an exact key; ie, maybe a quarter of 
a note sharp or flat of a true key 
(such as half way between A and 
Af). 

Itherefore need a system to slow 
or speed the cassette motor up by 
only a small frequency shift. 

If there is no easy way, perhaps 
you could publish some details on 
the theory of tape motor control. 
(C. F., Cringila, NSW). 


an't understand a 
and we'll answer your question. Wi 


of this is with large toroidal power 
transformers which draw a large ini- 
tial surge current. See our article on 
fuses for these transformers in the 
March 1995 issue of SILICON CHIP. 
Having poo-poohed slow blow 
fuses, we are planning a PA version of 
this 175W amplifier and it will incor- 
porate short circuit protection. 


Colour TV 


pattern generator 


I have just completed building the 
Colour TV Pattern Generator and have 
run into some problems. 

First off, I'm operating the unit viaa 
variable-voltage battery eliminator 
plugpack. This unit supplies DC at 3, 
4.5, 6, 7.5, 9and 12V at 300mA. I hope 
this has nothing to do with the fault 
I'm about to describe. It took me the 
better part of two days to construct the 
kit and what seemed like 4 or 5 hours 
wiring in those bridging connections 
(if I never see another bridge again, 
it'll be too soon). 

I took every precaution to ensure 
that all the components were wired in 
correctly, especially the electrolytic 
capacitors, diodes and such where 


* In most tape recorders the cap- 
stan motor is a DC type with some 
sort of tachometric speed control 
via an extra pair of windings. In 
some cases, if you have access to 
the circuit diagram, it may be pos- 
sible to use a trimpot to vary the 
tacho signal, and thereby the speed 
ofthe motor. Failingthat, you could 
decide to separately power the cap- 
stan motor via an external speed 
control circuit. This might not have 
the same degree of speed regula- 
tion but at least you would be able 
to control it yourself. 

As a starting point, you might 
consider the speed control pub- 
lished on page 15 of the August 
1992 issue. 


се of jargon or some technical pi ірі 
on Chip, PO Box 139, Collaroy Beach, NSW 2097. 


polarity is important. When I finally 
got to test the system, I found I could 
get the Check, Hatch, Dot and White 
Raster OK but the Red Raster and Col- 
our Bars/Greyscale would not operate 
properly. The Red Raster was erratic 
and the Colour Bars weren’t there at 
all; neither was the Greyscale. 

I said the first four operated OK, 
although not absolutely perfectly be- 
cause a descending horizontal line 
would appear across the screen and 
where it appeared, the pattern would 
appear to bend behind it. Are there 
any component value changes I should 
be aware of (resistors, capacitors) or 
any other components that might have 
been supplied that were wrong for 
this kit? 

My purpose in constructing this kit 
is not for TV servicing work but to 
insert colour bars at the head of, be- 
tween items and on the tail-end of 
videocassettes recorded off-air or from 
a video camera. (М. F., Stockton, NSW). 
* It is important that the plugpack is 
rated at 500mA to prevent the regula- 
tor (12V) from dropping out and pro- 
ducing mains hum in the supply. A 
larger value electrolytic than the 470uF 
capacitor at the input to REG1 will 
also help. 

Problems with the greyscale and 
colour bars can be caused by IC14 not 
oscillating or IC15 not counting. Also 
check that IC13b has a high Q output 
at pin 9 when the bars are selected by 
switch S2a. 


Cat deterrent 
not humane 


May I suggest a project which 
would, I believe, be of great practical 
use. There are reports that bells around 
cats' necks do little or nothing to pre- 
vent the slaughter of native animals 
and birds by family pets, put out, as is 
usual, at night. My idea would be fora 
small electronic unit to be worn by 
the cat, continuously emitting a pulsed 
tone at a supersonic frequency but 
within the audio frequency range of 
small mammals and birds. 
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Questi ns on gital - 
signal generator | 

supply me 
with some information on the Dig- 
ital Signal Generator kit published 
in the July 1990 issue of SILICON 
CHIP. I don't. have access to the 
article and am totally ignorant on 
its internal workings. I am assum- 
. ing that in its 10Hz-1000Hz range 
it displays frequency in 1Hz incre- 
ments. I would like to know if it 
actually generates frequency in 
between these 1Hz increments 

such as 30.25Hz or 30.2Hz etc. 
Ineed an affordable signal gen- 
erator that can do this and at the 
same time have solid amplitude 
stability. I will be using it in estab- 
lishing the Thiele-Small loud- 
speaker parameters and driver/box 
design. (S. W., Modbury North, SA). 
e freque cy onpa ofthe Dig- 

ital Signal G i 


у er its entire - 
O0kHz butits 


This has two г ramifications. First, 
on the 10Hz to 1000Hz range, it 
ae display frequencies be- 


I don’t know what the frequency 
would be but perhaps someone has 
done or could do a few experiments, 
using the silent dog whistle as a start- 
ing point. A frequency that is inaudi- 
ble to the cat but audible to its prey 
would be the ideal. 

As the range would need to be only 

a few feet, the output power should be 
low and could, I hope, be supplied by 
one of the larger watch batteries. The 
unit could then be attached to the 
collar in place of the conventional 
bell. It would, of course, spell the end 
of the cat's days as a mouser! (К. F., 
Albion Park Rail, NSW). 
* We don’t think a warning device to 
prevent cats from catching birds would 
work. While ultrasonics can be used 
with great effect to deter cats and dogs 
from entering an area, wo have no 
evidence that ultrasonics affects birds 
at all. 

We also think that fitting a cat with 
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quency display is +2% + 2 digits | 
which means that a frequency read- 
out of 512.5Hz is not an absolute. 
figure; the actual frequency could 
be anywhere between 500Hz and 
523Hz. 

And while the frequency can be 
varied continuously, it is doubtful 
whetherthe mechanical resolution 


of the potentiometers would let 


you reliably and repeatedly set a 
particular frequency of, say, 
512.5Hz. And even if you did man- 
age this feat, itis doubtful whether 
the frequency stability of the in- 
strument would be able to hold 
that particular figure for any length 
of time, say 15 minutes. 

Inany case, you don’t need great 
frequency accuracy if you are work- 
ing out Thiele-Small parameters. 
A figure of +2% would be quite 
adequate. When measuring speaker 
resonances, it is not possible to 
determine them with great accu- 
racy since they vary with the am- 
plitude ofthe drive signal, the tem- 
perature and with the age of the 
speaker. The digital signal genera- 
tor is certainly adequate for this 
task. 

1f you really needed the degree 
of frequency accuracy and stabil- 
ity you describe, you would have 
to pay many thousands of dollars. 


such a device would be cruel. In our 
opinion, cats should not be put out at 
night, otherwise they will definitely 
slaughter native animals and birds. Of 
course, cats kill birds, lizards, etc at 
any time of the day and so people 
should probably think twice about 
having a cat in the first place. 


Digital display for 
Geiger counter 


Having recently completed the Gei- 
ger Counter published in your Octo- 
ber 1995 issue, I wonder if others feel 
as I do that some analog or digital 
measuring system registering the 
counts/second would improve its ver- 
satility and interest? I suggest that, 
using the chart on page 16, it would 
be best calibrated in rads/hour. (N. A., 
Hamilton, Qld). 

* We plan to publish a modified cir- 
cuit from one of our contributors in 


the "Circuit Notebook" pages of the 
coming September issue. 


How to solder mask 
PC boards 


Some time ago I purchased a soft- 
ware package, namely EASYPC, for 
the fabrication of PC boards. It has 
proved to be tremendous but in the 
program there is provision for the lay- 
ing down of a solder-resist mask. 

Could you please advise ifthere is а 
photo sensitive, proprietary product, 
that allows one to lay down the solder 
resist mask, in the same manner as the 
tracks are laid down? The drilling of 
such circuit boards is, to say the least, 
irksome and whilst there is a drilling 
program within EASYPC, it requires a 
numerically controlled drill to imple- 
ment it. 

Would it be possible to run such a 

project? I'm sure that there are others 
such as I, who like to design and manu- 
facture their own boards, (N. B., 
Townsville, Qld). 
* As far as we know, solder masks are 
applied to finished PC boards by a 
silk-screen process. Component over- 
lays are printed by the same process. 
We don't know of any photo-sensitive 
product. However, perhaps one of our 
readers may know of a product. 


Tone controls for a 
guitar amplifier 

Iwas recently given a 300W ampli- 
fier kit and I thought I might make a 
guitar amplifier out of it. I am now 
looking for a tone control circuit con- 
sisting of treble, middle, bass, gain 
master volume and many other spe- 
cial items before I start building the 
amplifier. 

I am also looking for circuit dia- 
grams fora distortion foot pedal. Other 
circuit diagrams for foot pedals such 
as the “Flanger” would also be greatly 
appreciated. Could you give me some 
advice about a suitable loudspeaker 
as well? (X. Z., Punchbowl, NSW). 

* We have published two projects 
which are relevant to your request: a 
five band equaliser in December 1995 
and a digital effects unit in February 
1995. In addition, we published a 
three-band tone control (circuit only) 
in the Circuit Notebook pages of the 
February 1991 issue. We can supply 
any of these back issues for $7 each, 
including postage. sc 


CLASSIFIED ADVERTISING RATES 


Advertising rates for this page: Classified ads: $10.00 for up to 12 words plus 50 
cents for each additional word. Display ads (casual rate): $25 per column 
centimetre (Max. 10cm). Closing date: five weeks prior to month of sale. 

To run your classified ad, print it clearly in the space below or on a separate sheet 
of paper, fill out the form & send it with your cheque or credit card details to: 
Silicon Chip Classifieds, PO Box 139, Collaroy, NSW 2097. Or fax the details to 
(02) 979 6503. 


FOR SALE 


SATELLITE DISHES: international re- 
ception of Intelsat, Panamsat, Gori- 
zont,Rimsat. Warehouse Sale — 4.6m 
dish & pole $1499; LNB $50; Feed $75. 
All accessories available. Videosat, 2/ 
28 Salisbury Rd, Hornsby. Phone (02) 
482 3100 8.30-5.00 M-F. 


WEB Search on 'Dontronics' for 18, 
24, 28, 40 and 48-pin ZIF sockets. 
MicroChip PIC items: CPUs, Basic Com- 
pilers, Interpreters, Programmers from 
$20, Real Time Clock, A-D. Ring or fax 
for Free Promo Disk. 29 Ellesmere Cres- 
cent, Tullamarine 3043. Phone (03) 9338 
6286. Fax (03) 9338 2935. 


RAIN BRAIN 8 STATION SPRINKLER 
KIT: Ultra reliable & versatile Hi Q kit. 
Rain switch & LED B/L Free!!! (SC Jan. 
1996). Mantis Micro Products, 38 
Garnet St, Niddrie, 3042 P/F/A (03) 9337 
1917 mantismp @c031.aone.net.au 


Enclosed is my cheque/money order for 5. or please debit my 


О Bankcard A Visa Card О Master Card 

CardNo. | | ET dl E ai 
Signature Card expiry date. / 
Мате 

Street 

Suburb/town Postcode 


MINILOG KIT from MicroZed $25 incl. 
S/T, programs on disk, all parts except 
BS2. 


C COMPILERS: Dunfield compilers аге 
now even better value. Everything you 
need to develop C and ASM software 
for 68HCO8, 6809, 68HC11, 68HC16, 
8051/2, 8080/85, 8086 or 8096: $140.00 
each. Macro CrossAssemblers for these 
CPUs + 6800/01/03/05 and 6502: $140 
for the set. Debug monitors: $70 for 6 


RCS RADIO PTY LTD 


SEES ps 
ЖЕҢЕ 


RCS Radio Pty Ltd is the only com- 
pany that manufactures and sells 
every PC board and front panel pub- 
lished in SILICON CHIP, ЕТІ and EA. 


RCS Radio Pty Ltd, 
651 Forest Rd, Bexley 2207. 
Phone (02) 587 3491 
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MicroZed Computers 


РО Box 634, ARMIDALE 2350 (296 Cook's Rd) 
Ph (067) 722 777 - may time out to Mobile 014 036 775 
Fax(067)728987 (Credit Cards OK) 


Specialising in easy-to-get-going hard/software kits. 
Send 2 x 45с stamps for information package 


MICROCHIP 


Programmers, Simulators and PIC chips 


NEW Micro 


68HC11 FI boards and now 80535 (up spec 8051) 
Extra I/O and peripheral plug-ins too 


Printed Circuit Board Manufacture 
48-Hour service + High quality * Low prices 
5 1 offs to any 5 


} Artwork design if required 
: b Call for NR жй 1 free quote... 5 
olo INSTANT. Bv POBox 448, Avalon 21070 
Ph (02)9974 1189 Fax (02)9974 5491. 


CPUs. All compilers, XASMs and moni- 
tors: $400. 8051/52 or 80C320 simula- 
tor (fast): $70. NEW: Disassemblers for 
12 CPUs only $75. Demo disk: FREE. 
All prices + $5 p&p. GRANTRONICS 
PTY LTD, PO Box 275, Wentworthville 
2145, Ph/Fax (02) 631 1236 or Internet: 
Igrant@mpx.com.au. 


EPROM PROGRAMMER FOR SALE: 
GTEK system, Programs up to 8 
EPROMsat one time. $300. Call Sandro 
on (02) 757 2543. 


MICRO ENGINEERING LABS РВА5ІС 
Compiler $120 from MicroZed + $5 post. 
Put Stamp programs into raw PIC chips. 


KITS KITS KITS: PC printer port Relay 
Board with DOS/WIN drivers $68.50. 
DC Speed Controller $33.15, 110db 
Piezo Screamer $19.90. ІН Toggle 
Switch $18.40, CCD cameras $185.00. 
FMTransmitters, Amplifiers, Power Sup- 
plies, Microcontroller kits and more. 
FREE catalog available. Ozitronics, 
24 Ballandry Crescent, Greens- 
borough 3088. (03) 9434 3806. 
ozitronics Q c031.aone.net.au 
http://www.hk.super.net/-diykit/oz.html 


MICROCRAFT PRESENTS: Dunfield 
(DDS) products are now available ex- 
stock at a new low price; please ask for 
our catalogue. Micro C, the affordable 


Жоо 6 Labs 


BASIC compiler for PIC and PIC programmers 


PARALAX 


BASIC Stamp I and П 
Macintosh patch now available 


ames. 
<< Australian kits 


Scott Edwards Electronics 


Accessories for Stamp and second source for Stamp 1 


OPTO 22 


Optically isolated drivers for AC & DC 


OR DR OD 
SPECIALI 677: LASER PRINTER MEMORY 
еюн Т Еті эш 
Bien sens ОЯТЫ Фм 510 

ety Pm) COMPAD 


BVSCONTURAAERO — $240 
А other models auae  SCal | 


169720870 $230 $192 
SATP $456 $378 


BMO/6MbEDO 5294/8550 
Al other modes saisbe 5081 


ТОБОМ EIDE 1056 Әл $289 
1&0NbEDEiéms 3yr 590 
ZroMbEDEi05me3y $384 


SND (IMD?) -60m5 508 
16M0 QMG2-&rs $210 


Mac MEMORY 
SMD P 800K 190 so 

2SS00BANKSIAV34 S350" 
256K x 16 7005 (50) Een 
256K x 16 70ns (2Р) 14 шін tro modema 


Ex Tax Pricing - Deivery $8, Pricing as at 28896. Prone for latest 
‘Sales Tax On Modems 14%. Everng Elsa 22%. 
Credt Cards Welcome, We Also Buy And Trade n Memory, 


“С” compiler for embedded applications. 
Versions for 8051/52, 8086, 8096, 
68HCO08, 6809, 68НС11 or 68HC16 
$139.95 each + $3 p&h * Now on spe- 
cial is the SDK, a package of ALL the 
DDS "C" compilers for $399 + $6 p&h * 
EMILYS2 is а PC based 8051/52 high 
speed simulator $69.95 + $3 p&h * DDS 
demo disks $7 + $3 p&h * VHS VIDEO 
from the USA (PAL) *CNC X-Y-Z using 
car alternators" (uses car alternators as 
cheap power stepper motors!) $49.95 + 
$6 p&h (includes diagrams) * Device 
programming EPROMS/PALS etc from 
$1.50 * Fixed price electronic design 
and PCB layout Credit cards accepted 
* All goods sent certified mail * Call Bob 
for more details. MICROCRAFT, PO 
Box 514, Concord NSW 2137. Phone 
(02) 744 5440 or fax (02) 744 9280. 


MicroZed HAVE range of PIC chips. 
OTP and /JW versions available. PIC 
16C84 /04 one off price $9.76 incl. S/T. 


Microprocessors For Silicon Chip Circuits 


We have stocks of the 68HC705-C8P pre-programmed microprocessor ICs for the Digital Effects 
Unit (February 1995) and the Remote Controlled Stereo Preamplifier (Sept.-Oct. 1993). Also 


available is the pre-programmed Z86E08 microprocessor for the Railpower Mk.2. 

68HC705-C8P - $45 ea; 286Е08 $18 ea. Prices include p&p. 
Payment by cheque, money order or credit card to: Silicon Chip Publications, PO Box 139, Collaroy, 
NSW 2097. Phone (02) 9979 5644; Fax (02) 9979 6503. 


96 SILICON CHIP 


Advertising Index 


Av-Comm 


Car Projects Book .... 


Dick Smith Electronics .... 


Earthquake Audio ..... 


Етопа.... 


Freedman... 


Harbuch Electronics ..... 


Instant PCBs .. 


Jaycar .... 


Kits-R-US ... 


Latrobe University .... 


Macservice .... 


MicroZed Computers 


Model Railway Projects Book ... 18 


Oatley Electronics .... a 9,85 


Pelham 


RCS Radio ..... 


Rod Irving Electronics ...... 


Scan Audio . 


Silicon Chip Binders ..... 


Silicon Chip Bookshop 


Silicon Chip Software .. 


Tortech .... 


Tektronix... 


Zoom... 


PC Boards 


Printed circuit boards for SILICON 
CHIP projects are made by: 


e RCS Radio Pty Ltd, 651 Forest 
Rd, Bexley, NSW 2207. Phone (02) 
587 3491. 


= Marday Services, PO Box 19-189, 
Avondale, Auckland, NZ. Phone (09) 
828 5730. 


[геле АЕБ 


UNBELEEEEVABI E1 


Handling RWD - 
on the limit! 


SUPERB: 


Flat 13" 


$115,000 stroked Six second 500bhp twin turbo 
12sec Senator Monster MX-5 V6 ....in the dirt! 


ue for up 


Beautiful and Black - The Pantera 

225 kay Monster Mazda Miata MX-5 

A Pigeon Pair o' Potent Porsches 
Beautiful 240 ZED: it m-o-v-e-s! 

Quad cam V6 500bhp Pajero in the dirt! 
But it's only the 'shop ute. Oh Yeah? 
R-Rated NXR 

The Senator from Qld. This one performs! 
RWD Handling with an Oz Champion 
How to use a Multimeter 


Even more VL Grunt with the right exhaust 
Head Jobs: We talk to the world's best 
Modifying Engine Management Systems (Pt 2) 
Building your own water/air intercooler 


Car Sound: Finding a spot for a sub woofer 
Buying Used: Commodore VN V8 

Net Rap: More Internet goodies 

Shop Talk: Beware the Bull about Bolt-Ons 
Enviroline: Why the fuss about unleaded fuel? 
Forward and Reverse: You have your say. 

Ask the Oracle: all those things that stump you! 


FROM THE PUBLISHERS OF SILICON CHIP MAGAZINE 


10 SEC DATSUN 1200 UTE! 


From the pages of Australia’s most 
dynamic electronics magazine, SILICON 
Снір, come 20 electronic projects you 
can build for your car. Not just circuits, 
but complete articles with complete 
instructions, including fitting. Even the 
novice constructor can do it! 


YES! Twenty great projects for cars, including: 
High Energy & Breakerless Ignition Systems 4 Ultrasonic Alarm 
Digital Tachometer + Coolant Level Alarm + Flashing Alarm Light 


Talking Headlight Reminder + UHF Remote Switch Ф Thermostatic 
Switch For Electrically Operated Radiator Fans * And much more! 
Bonus: there are eight quick circuit ideas too. 


Please send me copies of 20 Electronic Projects For Cars 


Enclosed is my cheque/money order for $. or please debit my 
О Bankcard О Visa Card Master Card 


Card No. Simply phone (02) 9979 
я 5644 & quote your credit 

Signature____..._____________Cardexpirydate___/_____ gard number; or fill in the 
Name Phone No(__). coupon & fax it to (02) 9979 

PLEASE PRINT 6503 (any time); or mail the 
Street | = coupon to Silicon Chip 
Publications, PO Box 139, 
Collaroy, NSW 2097. 


Suburb/town Postcode. 


